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ABSTRACT 
 
Resource Competition among the Uinta Basin Fremont 
 
by 
Elizabeth A. Hora-Cook 
Utah State University, 2018 
 
Major Professor: Judson Byrd Finley 
Department: Sociology, Social Work, and Anthropology 
 
 
This study uses the Ideal Free Distribution (IFD) model to explain material 
culture changes in the Uinta Basin between A.D. 0 – 1300. IFD predicts the order in 
which habitats will be exploited based on their relative suitability and suggests 
hypothetical behaviors that individual actors might engage in to improve or maintain the 
relative suitability of a habitat (Codding and Bird 2015; Fretwell and Lucas 1970). One 
prediction of IFD is that behaviors indicating resource competition will become more 
frequent when population density increases. I test whether this hypothesis explains the 
changes in storage features by considering storage behavior as a manifestation of 
resource competition. To determine changes in habitat suitability I monitor changes in 
population frequency and drought severity through radiocarbon and tree-ring data, 
respectively. Using these proxy datasets, I test whether behaviors indicative of resource 
iv 
 
 
 
competition correlate with periods of Fremont population increases and 
paleoenvironmental degradation (Bettinger 2006; Fretwell and Lucas 1970).  
These tests explain aspects of Fremont culture change between A.D. 0 – 1300. 
Relatively low frequencies of storage features between A.D. 0 – 700 suggest low 
competition for resources due to habitats that could absorb population expansions. 
Aggregation of Fremont agriculturalists into large villages and the use of larder storage to 
secure agricultural surpluses were likely made possible by low population densities 
(Leach 1970; Spangler 2000a, 2000b; Talbot and Richens 1996). After A.D. 700 
increasing competition for resources as evidenced by higher frequencies of storage 
features drove the shift to smaller village sites and defensive architecture (Boomgarten 
2009; Patterson and Flanigan 2010; Spangler 2000a, 2000b). 
This study affirms the utility of IFD in archaeological contexts and the use of 
radiocarbon dates as population and behavioral proxies but reveals that more work is 
necessary to use some climatological reconstructions as proxy measures of habitat 
suitability. 
 (105 pages) 
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PUBLIC ABSTRACT 
 
 
Resource Competition among the Uinta Basin Fremont 
Elizabeth A. Hora-Cook 
 
 Archaeologists describe the Uinta Fremont (A.D. 0 – 1300) as a mixed foraging-
farming society that underwent a dramatic social change from A.D. 700 – 1000. 
Researchers observe through different architectural styles and subsistence activity a 
change from large, aggregated settlements to more dispersed and defensively oriented 
villages and hamlets. The Ideal Free Distribution (IFD) model provides an explanatory 
framework through which to interpret these changes. IFD predicts the order in which 
people or animals will occupy habitats based on a habitat’s relative suitability and 
suggests hypothetical behaviors that people or animals might engage in to improve or 
maintain the relative suitability of a habitat. One prediction of IFD is that behaviors 
indicating resource competition will become more frequent when population density 
increases. I test whether this hypothesis explains changes in storage features by 
considering storage behavior as a manifestation of resource competition, and I investigate 
whether storage feature frequency correlates with periods of Fremont population 
increases and paleoenvironmental degradation.  
 These tests explain aspects of Fremont culture change and suggest future research 
possibilities. Storage feature frequency, representing resource competition, remains low 
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from A.D. 0 – 700, suggesting that the habitats could absorb growing Fremont 
populations. After A.D. 700, however, resource competition rose and remained high, a 
condition that likely spurred the defensive architecture and dispersed settlements that 
became increasingly common after A.D. 1000. The successes and limitations of applying 
IFD to the archaeological record point the way toward future uses of the model to 
investigate settlement spacing and reaffirm the use of radiocarbon data in archaeological 
science. 
  
vii 
 
 
 
ACKNOWLEDGMENTS 
 
Many people and agencies share credit for helping me complete this study. I could 
not have begun my studies at all without financial assistance from the SSWA department 
secured for me by Dr. Steven Simms and continuing research assistantships provided by 
Dr. Finley’s research. I received extensive help completing tree-ring research from Dr. 
Justin Derose, including access to his lab and Dr. Roger Kjelgren’s lab in the College of 
Agricultural Science at Utah State University. Access to our tree sampling site was 
funded by the National Park Service Dinosaur National Monument and permitted through 
the Jones Hole National Fish Hatchery (U.S Fish and Wildlife Service). The development 
of the radiocarbon database was possible in large part due to Jerry Spangler, who allowed 
me to use his previous database to build on. Additional records were obtained with the 
help of Wayne Prokopetz and Lisa Baldwin at Dinosaur National Monument, Arie 
Leeflang at the Utah Division of State History, and access to Colorado Compass. The 
staff of Utah State History, principally Dr. Chris Merritt, provided additional support for 
this study. My cohort, Anastasia Lugo Mendez and Hillary Jones, endured hundreds of 
hours of thesis chatter and offered invaluable advice. My major advisor, Dr. Judson 
Finley, and my committee members, Drs. David Byers and Molly Boeka Cannon 
provided much needed expertise and aid. 
Lastly thank you to my husband, Rhett, for holding our lives together. 
Elizabeth A. Hora-Cook 
viii 
 
 
 
CONTENTS 
 
               Page 
ABSTRACT ........................................................................................................................ ii 
PUBLIC ABSTRACT ........................................................................................................ v 
ACKNOWLEDGMENTS ................................................................................................ vii 
LIST OF TABLES .............................................................................................................. x 
TABLE OF FIGURES ....................................................................................................... xi 
INTRODUCTION .............................................................................................................. 1 
PREDICTING CONFLICT IN ARCHAEOLOGICAL CONTEXTS:  
A HYPOTHESIS DRAWN FROM THE IDEAL FREE DISTRIBUTION ...................... 3 
         The Ideal Free Distribution .................................................................................... 3 
         Resource Competition Hypothesis ......................................................................... 8 
         Hypotheses and Test Prediction ........................................................................... 10 
 
THE UINTA BASIN FREMONT .................................................................................... 13 
         Uinta Fremont Cultural Change and Trends ........................................................ 17 
A CLIMATE RECORD FOR THE UINTA BASIN ........................................................ 23 
FREMONT DEMOGRAPHY IN THE UINTA BASIN: A RADIOCARBON  
RECORD OF LATE HOLOCENE FORAGER-FARMERS AND ITS  
IMPLICATIONS FOR UNDERSTANDING CONFLICT .............................................. 31 
ix 
 
 
 
         Fremont Population Frequencies .......................................................................... 38 
         Summed Probability Distributions of Storage Behaviors .................................... 43 
         Summary .............................................................................................................. 45 
 
TESTING THE ALTERNATIVE HYPOTHESIS: TRENDS IN UINTA  
BASIN STORAGE PRACTICES..................................................................................... 47 
         PDSI as a Predictor of Resource Competition ..................................................... 49 
         Population Frequency as a Predictor of Resource Competition ........................... 52 
         Periods of IFD Model Non-Conformity and Recommendations  
         for Future Work .................................................................................................... 58 
 
CONCLUSIONS............................................................................................................... 62 
REFERENCES ................................................................................................................. 65 
APPENDIX A. RADIOCARBON DATABASE ............................................................. 77 
 
 
 
  
x 
 
 
 
LIST OF TABLES 
 
Table               Page 
        1        Kolmogorov-Smirnov Tests of Normality for Datasets. Error! Bookmark not 
defined. 
        2        Episodes of Significant Correlation between PDSI and Storage  
                  Frequency ........................................................................................................ 51 
        3        Episodes of Significant Correlation between Population and  
                  Storage Frequency .......................................................................................... 50 
  
xi 
 
 
 
LIST OF FIGURES 
 
Figure               Page 
         1        The Ideal Free Distribution Model (after Fretwell  
                   and Lucas 1970). .............................................................................................. 5 
         2        Allee’s principle applied to the Ideal Free Distribution  
                   (after Fretwell and Lucas 1970). ...................................................................... 7 
         3        Map of the Uinta Basin with Locations of Radiocarbon Dated  
                   Archaeological Sites ...................................................................................... 14 
         4        Reproduction of Spangler (2000a:Fig. 5.6) showing changes  
                   in radiocarbon frequencies throughout the Uinta Fremont Period. ................ 16 
         5        Location of NADA Grid Point 102 ................................................................ 26 
         6        PDSI data from NADA .................................................................................. 27 
         7        Reconstructed PDSI from NADA Grid Point #102 ....................................... 29 
         8        Fremont Period PDSI ..................................................................................... 29 
         9        Chronometric Hygiene Flowchart.................................................................. 35 
         10      Summed probability distribution of Uinta Basin radiocarbon  
                   samples dating to the Fremont Period ............................................................ 39 
         12      Comparison of population proxies derived from frequencies  
                   (adapted from Spangler 2000a) ...................................................................... 40 
         13      Scaled summed probability distributions of Fremont behaviors  
                   across the study area ...................................................................................... 42 
         14      Standardized residuals for farming behaviors against overall 
                   Fremont SPD .................................................................................................. 42 
         15      SPD of dated storage sites in the Uinta Basin................................................ 44 
         16      Residuals for Storage sites ............................................................................. 44 
xii 
 
 
 
         17      First-difference analysis time series for SPDs used in analysis  
                   in 5 year bins .................................................................................................. 48 
 
 
1 
 
 
INTRODUCTION 
This study examines demographic and behavioral changes across the eastern 
Uinta Basin during the Fremont Period (A.D. 0 – 1300) through the lens of the ideal free 
distribution (IFD) model (Bird and O’Connell 2006; Cannon and Broughton 2010; 
Codding and Bird 2015; Fretwell and Lucas 1970; Jazwa 2015) and reconceptualizes the 
current structure for understanding the changing Fremont adaptations during this era. 
Using a framework reminiscent of Flannery’s (1969) broad spectrum revolution model, I 
suggest an explanation of Fremont culture change that incorporates radiocarbon data as a 
proxy measure of demographic trends and/or behavioral frequencies and tree-ring data as 
a proxy for paleoclimate variation. IFD predicts the order in which habitats will be 
exploited based on their relative suitability and suggests hypothetical behaviors that 
individual actors might engage in to improve or maintain the suitability of a habitat 
(Codding and Bird 2015; Fretwell and Lucas 1970). One prediction of IFD is that 
territorial behaviors become more frequent when population density increases, and I test 
whether behaviors indicative of resource competition develop on the heels of Fremont 
population increases and ecological degradation (Barlow 1997, 2002, 2006; Bettinger 
2006; Fretwell and Lucas 1970). As population grows and aridity increases, then resource 
competition should rise as well. The archaeological signatures of resource competition 
stem from diverse behaviors including settlement spacing and increased warfare, and this 
study tests whether storage, an element of classic Fremont culture, correlates with either 
climate trends, population trends, or both. This study tests the ability of storage features 
to stand in as a proxy index of resource competition and population density, and permits a 
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nuanced understanding of human behavioral adaptations to environmental conditions, 
both climatological and social.  
In the Fremont example presented herein the case of changing adaptations has 
been tied closely to a particular date (circa A.D. 1000) describe a regional shift of human 
habitation from north to south and a material cultural adaptation that may point to 
increased competition for resources (Spangler 1995, 2000a, 2000b). As these findings 
demonstrate, there do indeed exist remarkable changes in aggregation and disaggregation 
of human habitations across time as well as changes in how food and other privately-
owned goods are stored consistent with the postulated Uinta and Tavaputs Adaptations 
that describe these material patterns pre- and post- A.D. 1000 (Boomgarten 2009; 
Patterson and Flanigan 2010; Spangler 2000a, 2000b; Talbot and Richens 1996). 
However the timing of these events coupled with the radiocarbon-based population proxy 
I develop and the paleoclimatological record suggests that the inception for these material 
culture changes may occur up to 300 years before the peak of the phenomenon and are 
only partially tied to decreasing resource availability. Using the IFD and the most recent 
Fremont-age radiocarbon dates available this study points out new directions for research 
into human adaptations to increasing resource competition.  
  
  
3 
 
 
PREDICTING CONFLICT IN ARCHAEOLOGICAL CONTEXTS: A 
HYPOTHESIS DRAWN FROM THE IDEAL FREE DISTRIBUTION 
 
 
 The proposed project uses the heuristic IFD model to explain changes in the 
frequency of behaviors indicating increased resource competition during the Fremont 
Period (Bird and O’Connell 2006; Cannon and Broughton 2010; Codding and Bird 2015; 
Fretwell and Lucas 1970; Jazwa 2015). One IFD hypothesis suggests that territorial 
behaviors may act as a proxy index of population density (Fretwell and Lucas 1970; 
Kluyver and Tinbergen 1953). Territorial behaviors reflect competition for resources that 
occur in a habitat or across multiple habitats. As habitat suitability declines, whether 
through increasing population or climate change, competition will increase. This study 
uses archaeological and paleoclimatological datasets from Utah’s Uinta Basin to examine 
the implications of this model for Uinta Fremont behavior. This chapter introduces IFD 
and the resource competition hypothesis and suggests storage as an archaeological 
signature of resource competition. 
 
The Ideal Free Distribution  
 
IFD (Fretwell and Lucas 1970) is one among a suite of behavioral ecological 
models that operates by assuming individual actors will engage in behaviors that 
maximize fitness outcomes under a given set of conditions or restraints (Bird and 
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O’Connell 2006; Cannon and Broughton 2010; Codding and Bird 2015; Fretwell and 
Lucas 1970; Jazwa 2015). IFD predicts when a new habitat will be colonized or occupied 
by an expanding population (Fretwell and Lucas 1970). This model assumes that 
individual actors within a population have an accurate and complete understanding of the 
ranked suitability of various habitats within a region and will settle first in a habitat best 
suited to their subsistence strategy. As the actors remain in a habitat, their population 
density will increase and strain the abundance and quality of resources, decreasing the 
habitat’s original suitability. Within a context of declining habitat suitability and 
simultaneous population density increase, some members of the group will relocate to 
lower ranked, less suitable habitats. 
Figure 1 presents two habitats ranked on their relative suitability (H1 and H2). 
The curved lines represent the decline in suitability that occurs in response to increasing 
population density. At population densities near zero, H1 has a higher suitability than H2. 
With increasing population, the suitability of H1 declines to the level of H2, indicated by 
the horizontal dashed line S2. As suitable habitats “fill up” and their populations “spill 
over” into less suitable habitats, population density equilibrium will be achieved across 
all habitats of varying ranked suitability (Bettinger 2006:318). 
IFD makes several key assumptions about the nature of habitats and optimal 
actors. IFD assumes that actors will settle in their most ideal habitats first, and that no 
constraints operate on where individual actors settle, meaning that they are free to choose 
their habitats (Fretwell and Lucas 1970:21). Habitats will experience their highest 
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Figure 1. The Ideal Free Distribution Model (after Fretwell and Lucas 1970). 
 
 
 
possible suitability only when population densities are near zero, and that increasing 
population density will erode the suitability of occupied habitats through depletion and 
interference (Fretwell and Lucas 1970:20). Growing numbers of people will deplete 
resources at an increasing rate, and the growing population density will interfere with the 
ability of individuals to access resources (Codding and Bird 2015). Depletion occurs in a 
patch when targeted resources become overused, for example, people can over-collect 
wild plant resources thereby depleting the supply for others. In this example, the 
disappearance of forage may decrease the numbers of nearby prey animals, a result that 
interferes with a hunter’s ability to obtain game. Although over-hunting did not directly 
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deplete prey animals , the foraging activities of a high-density population interfered with 
the success rate of hunters.  
Allee’s principle may violate the assumption that increasing population density 
decreases habitat suitability (Allee 1949). Over two decades before Fretwell and Lucas 
(1970) proposed their IFD model, Allee observed that increasing population densities 
may improve the suitability of habitats, to a point. In anthropological examples, that 
improvement includes the concentration of labor necessary to invest in intensification 
projects (Codding and Bird 2015). Considering Allee’s principle, IFD can be adapted to 
reflect an initial improvement of habitat suitability with increasing population before the 
detrimental effects of growing population density prompt a decline in habitat suitability 
(Figure 2). In both the original IFD model and IFD with Allee’s principle, habitat 
expansion is predicted as an eventual result of increasing population density. 
Several applications use IFD in archaeological explanations of colonization, 
typically island colonization. Southern California’s Channel Islands present a classic case 
of IFD habitat selection, with the choicest habitats for maritime foragers occupied first 
(Codding and Jones 2013; Jazwa et al. 2013; Jazwa 2015; Winterhalder et al. 2010). IFD 
allows Channel Islands researchers to predict where new archaeological sites may be 
discovered, explains the tight geographical distribution of linguistic diversity in mainland 
California, and models subtleties in the prehistoric hydrology of the islands based on 
evidence of their human settlement (Codding and Jones 2013; Jazwa 2015; Winterhalder 
et al. 2010). IFD can be applied more broadly than examining contingency conditions for 
initial colonization. McClure et al. (2006) used IFD to explain the expansion of animal 
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Figure 2. Allee’s principle applied to the Ideal Free Distribution (after Fretwell and 
Lucas 1970). 
 
 
 
husbandry across Neolithic Spain, rather than the incursion of people into completely 
new habitats. IFD offers an explanation for why these early farmers expanded their 
habitats into areas previously occupied by foraging communities. This study assumes that 
habitat expansion consistent with IFD occurred in the Uinta Basin. Tracking this 
expansion archaeologically can be difficult owing to the size and ecological variability of 
the Uinta Basin habitats coupled with the fluidity of Fremont subsistence strategies. 
Storage features reflect increasing competition for resources, and so may constitute a 
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proxy index of population density. A proxy index of population density developed 
through storage frequency can provide an important baseline for interpreting prehistory. 
 
Resource Competition Hypothesis 
 
This model predicts behaviors associated with resource competition to emerge 
when habitats experience high population densities (Fretwell and Lucas 1970:26). 
Following Kluyver and Tinbergen (1953), Fretwell and Lucas (1970:26-28) derive a 
density limiting hypothesis from IFD. They hypothesize that as population density 
increases, so too does resource competition. The authors leave unspecified the exact 
behaviors that indicate resource competition (e.g., defensive or aggressive territorial 
strategies), although future research may determine under what conditions different 
behaviors are pursued. Under IFD, exhibition of behaviors linked to resource competition 
may serve as a kind of population “density index” (Fretwell and Lucas 1970:27). For 
example, occupants of a highly ranked habitat may behave in ways that dissuade 
newcomers from taking up residence, which would keep population density low (Fretwell 
and Lucas 1970:28). In human societies, however, members of some populations may not 
enjoy that freedom. The ideal despotic distribution model (IDD) differs from the IFD 
only in that not all members of the population are free to move between habitats; 
typically, a governing body will determine the habitats in which lower-classes or new 
members will live (Codding and Bird 2015; Codding and Jones 2013). 
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The types of suspected territorial behavior that are sensitive to changes in 
population density vary from defensive spacing of individuals within a habitat to 
aggressive displays to chase off newcomers, but all derive from increasing resource 
scarcity and competition (Fretwell and Lucas 1970). In the context of Fremont society, 
the construction of permanent storage features may be a way to cope with resource 
competition. 
Storage fills a variety of roles and needs in human societies, which may make it a 
reliable proxy of population density. Animals that hoard food do so in part contingent 
upon external environmental conditions (Vander Wall 1990:111). In the anthropological 
realm, engaging in short- or long-term caching and storing of food and other resources 
typically signifies some actual or expected environmental shortfall, and people store food 
to artificially inflate the production of habitats for short periods of time (Goland 1991; 
Halstead and O’Shea 1989:4; Marston 2011). 
Storing food against the possibility or actuality of falling resource availability 
could be a way to improve upon habitat suitability under IFD, regardless of the type of 
storage engaged in. Barlow et al. (2008) suggest that in human populations, larder 
hoarding reflects a relatively sedentary lifestyle in which people gain a benefit for 
protecting their food stores. By comparison, more mobile populations should protect 
against theft by dispersing their food stores in multiple facilities across the wider 
landscape they inhabit, a behavior referred to as scatter hoarding. Since mobile people 
may not stay near their food stores this scattering of small amounts across a broad area 
increases the likelihood that not all food will be removed by thieves. Larder hoarding and 
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scatter hoarding exist on a continuum, and distinguishing between the two behaviors can 
be difficult. Larder hoarders concentrate their stored food resources in relatively few 
storage sites while scatter hoarders visit their hoards more infrequently, leave smaller 
amounts of food at each cache, and disperse their storage sites across a wider area 
(Vander Wall 1990:4). As such, although two different types of storage have been 
observed in the Uinta Basin, scatter and larder storage corresponding to the Uinta and 
Tavaputs Adaptations, respectively, it is the frequency, not variety of storage that will 
correspond to population density. In this study I group both larder and scatter storage 
together under the umbrella of storage behavior. 
 
Hypotheses and Test Prediction 
 
 This study proceeds under one main hypothesis derived from IFD as an overall 
guide, but incorporates an auxiliary hypothesis as well that ties in paleoenvironmental 
and paleodemographic trends. These hypotheses will be tested using a set of two 
complementary test predictions. 
  
• Primary hypothesis: If habitat suitability decreases, competition for resources will 
increase. 
 
Kluyver and Tinbergen (1953) developed this hypothesis before Fretwell and 
Lucas (1970) first modeled IFD. Fretwell and Lucas noted that resource competition, or 
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territoriality, is so closely linked to habitat suitability that it functions as a proxy records 
of population density. 
 
• Alternate hypothesis: If population increases and/or drought increases, habitat 
suitability will decrease. 
 
The IFD model explicitly predicts that increasing population will decrease habitat 
suitability over the long term, despite potential short-term suitability gains (Allee 1949; 
Fretwell and Lucas 1970). Where this archaeological study deviates from the hypothesis 
is in the consideration of independent climatological factors, such as drought. Although 
the Uinta Basin is comprised of multiple habitats of varying suitability, drought is 
predicted to diminish their suitability. 
 
• Test prediction 1: As aridity increases, storage feature frequency will increase 
• Test prediction 2: As population increases, storage feature frequency will increase 
 
I draw these predictions from the main and auxiliary hypotheses and will test 
them using archaeological datasets. I expect that aridity and population will influence the 
suitability of habitats, and that decreasing suitability will lead to a rise in resource 
competition. Storage serves as the proxy for resource competition in this analysis. 
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Summary 
 
Examining the changing frequencies of storage features in the eastern Uinta Basin 
will not only contribute to explanations of Fremont culture change but will use 
archaeologically derived data to investigate predictions of IFD across time. The IFD 
model hypothesizes that as increasing population densities in the Uinta Basin began to 
depress the suitability of regional habitats concurrent with droughts associated with the 
changing precipitation regime, known as the Medieval Climate Anomaly (MCA), the 
Fremont would need to cope with increasing resource competition. The Uinta Basin 
Fremont archaeological record contains a multi-decadal record of population fluctuation 
and broad behavioral changes that has challenged modern researchers in search of 
explanations. The following chapter outlines the current framework for understanding 
Fremont behavioral adaptations that I suggest may be explained in part through tests 
under the IFD model. 
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THE UINTA BASIN FREMONT 
 
 
This study examines human behavior during the Fremont Period ca. A.D. 1-1300 
in Utah’s Uinta Basin (Figure 3). The Uinta Fremont lived at the far northern edge of the 
Fremont world, which early archaeologists considered a backwater district of the greater 
American Southwest (Ambler 1966; Marwitt 1970; Morss 1931). Researchers initially 
classified the Uinta Fremont as a distinctive variant of the Fremont culture based on the 
region’s comparatively small archaeological sites and “thin cultural deposits” (Marwitt 
1970:141). The chronology I use in this study to describe the cultural-historical 
progression of the Uinta Fremont is adapted from the general cultural chronology of the 
Colorado Plateau and consists of three phases: the Early Fremont (A.D. 1-500), Uinta 
Fremont (A.D. 500-1050), and Late Fremont Periods (A.D. 1050-1300) (Johnson and 
Loosle 2002; Loosle and Johnson 2000; Spangler 1995, 2000b). 
No clear temporal boundary demarcates the Late Archaic (500 B.C. to A.D. 0) 
from the Early Fremont phase, in part because the material evidence of Fremont behavior 
and group membership rise unevenly across time and space (Johnson and Loosle 2002; 
Loosle and Johnson 2000; Spangler 1995). The Uinta Fremont adopted classic Fremont 
material culture traits, such as stylistically unique rock art, maize cultivation, grayware 
pottery, and permanent architecture (Spangler 1995). Hunting and gathering remained the  
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Figure 3. Map of the Uinta Basin with Locations of Radiocarbon Dated 
Archaeological Sites 
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primary subsistence pursuit during the Early Fremont phase; however, some sites dating 
to this period contain maize, attesting to the presence of early farmers (Spangler 
1995:473; Talbot and Richens 1996). Typical Fremont settlements in the eastern Uinta 
Basin consisted of temporary occupations often in rockshelters (Shields 1970; Spangler 
1995:473). 
 As cultigens entered the diet, some Fremont people aggregated into small 
permanent hamlets and villages on hummocks or hillsides above broad floodplains 
(Leach 1966). As early as A.D. 250-400 Fremont agriculturalists intensified their maize 
production at Steinaker Gap, north of the modern town of Vernal, Utah (Talbot and 
Richens 1996:189-190). Although other early agricultural sites exist elsewhere in the 
Uinta Basin, Steinaker Gap likely represents the first appearance of maize agriculture in 
the area and one of the earliest examples of Fremont resource intensification (Talbot 
1996:81). At Steinaker and across the Uinta Basin the Fremont excavated bell-shaped 
storage cists into their pithouse floors suggesting privatization of food resources and 
other goods (Talbot and Richens 1996). 
The Uinta Fremont Period (A.D. 500 – 1050) marks an increase in the number 
Fremont hamlets and agricultural villages across the Uinta Basin, explained as a 
behavioral shift away from foraging and toward food production (Spangler 2000b). 
Spangler (2000a) uses radiocarbon frequencies to demonstrate the increase of semi-
sedentary farmers in the Uinta Basin throughout this phase (Figure 4). The population 
growth across the Fremont world at this time coincides with a proliferation of adaptive 
strategies through which the Fremont varied their economic dependence on farmed and  
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Figure 4. Reproduction of Spangler (2000a:Fig. 5.6) showing changes in 
radiocarbon frequencies throughout the Uinta Fremont Period. 
 
 
 
foraged foods in response to local environmental pressures (Madsen and Simms 1998; 
Massimo and Metcalfe 1999; Simms 1986; Spangler 1995, 2000a; Talbot and Wilde 
1989).  
 The Late Fremont Period in the Uinta Basin exhibits a material culture reflecting 
a more mobile foraging lifestyle and a declining population when compared to earlier 
periods (Loosle and Johnson 2000). Often presented as a response to drought, the 
decreasing radiocarbon frequencies coupled with the disappearance of characteristic 
Fremont material culture traits point to abandonment of the Fremont way of life around 
A.D. 1300 (Benson et al. 2007; Massimo and Metcalfe 1999; Spangler 1995, 2000b; 
Talbot and Wilde 1989). The clear correspondence between climate and human 
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behavioral adaptations during the Uinta Basin Fremont Period sparked the interest of 
modern archaeologists. 
 
Uinta Fremont Cultural Change and Trends 
 
The term “Fremont” (Morss 1931) originally described an archaeological culture 
of mixed farmers and foragers present across the eastern Great Basin and northern 
Colorado Plateau. Later generations of researchers drifted into a perpetuation of a farmer-
forager divide, compartmentalizing the Fremont population into two mutually exclusive 
groups based on subsistence practices. Some researchers focused on a segment of 
Fremont society that appeared to manifest a “Northern Periphery” of the archaeological 
cultures of the American Southwest (Steward 1933), while others examined a Great 
Basin population of foragers living amongst them. Modern conceptualizations of the 
Fremont cast farming and foraging as two behavioral options available to Fremont people 
coping with environmental conditions that changed across space and time (Madsen and 
Simms 1998). 
Foraging and farming exist on a continuum of subsistence practices and the 
subsistence strategies of individual actors depend on environmental factors (Smith 2001). 
In general, foragers will invest in agriculture when return-rates on wild foods diminish to 
that of cultigens, such as maize (Barlow 1997, 2002, 2006). Two non-mutually exclusive 
paths lead to return rates low enough to entice a forager to farm: lower environmental 
productivity or higher population density. Available behavioral options run the gamut 
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from low-level or ancillary food production to agriculturally reliant communities 
(Freeman 2012; Smith 2001). The Fremont represent one example of a society where 
different subpopulations engaged in multiple strategies across this spectrum. Not all 
Fremont people engaged in maize agriculture, and not all village-bound agriculturalists 
remained so for their entire lives. Madsen and Simms (1998) argue that the Fremont 
pursued foraging and farming as alternative adaptive strategies dependent upon 
geographically and temporally specific contexts of selection. Individual Fremont actors 
chose whether to farm, forage, or mix the two modes dependent upon the specific 
conditions facing them, such as their environment, gender, and life stage (Coltrain and 
Stafford 1999; Hemphill 1999; Madsen and Simms 1998; Ruff 1999; Simms 1999, 2008). 
This behavioral variability produces a diverse archaeological record of prehistoric 
decision-making. In the Uinta Basin researchers identified temporal and geographic 
extents for these variations, paving the way for anthropological hypothesis development. 
Within the “Uinta Fremont variant,” Spangler (2000a, 2000b) identifies two 
emergent adaptive regimes during the Uinta Fremont Period comprised of temporally 
distinctive suites of adaptive behaviors, which he termed the Uinta and Tavaputs 
Adaptations. The Uinta Adaptation (A.D. 550-1000) describes a suite of material culture 
reflecting increased reliance on horticulture resulting in greater sedentism, resource 
privatization, settlement aggregation, and territorial expansion. This pattern began in the 
Green River lowlands and extended out toward the basin peripheries (Spangler 2000b). 
The Tavaputs Adaption (A.D. 1000-1300) modified the horticultural activities of the 
preceding Uinta Adaptation by placing them in upland canyon settings (Spangler 2000a, 
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2000b, 2013). During this time Fremont architecture exhibits the hallmarks of a defensive 
strategy. The types and locations of permanent structures, including their storage features, 
support a defensive explanation suggesting increased territoriality during this time 
(Boomgarten 2013 Spangler 2013). People living in canyons of the Tavaputs Plateau 
maintained limited residential mobility, although in slightly more disaggregated 
settlements, and grew maize and squash in small agricultural fields (Patterson and 
Flanigan 2010; Spangler 1995, 2000a, 2000b). 
Storage practices during this time changed in nature, if not frequency. Types of 
storage features developed in association with the Uinta Adaptation tend to consist of 
bell-shaped pits within pithouses. This style of storage reflects a relatively sedentary 
lifestyle in which privately owned resources are best defended by hoarding them together 
under the close watch of family members (Boomgarten 2009; Barlow et al. 2008; Vander 
Wall 1990:68; Spangler 2013; Talbot and Richens 1996). By contrast, one of the 
hallmarks of the Tavaputs Adaptation is more dispersed storage features (Boomgarten 
2009; Spangler 2013). The differences in the material culture exemplified by the Uinta 
and Tavaputs Adaptations present a change over time with no explanation as to why. 
Competition for resources presumably increased and prompted the Fremont to adopt a 
more defensive posture in the canyons of the Tavaputs Plateau, and IFD allows a test of 
this supposition. 
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A Changing Uinta Basin Climate and a Growing Fremont Population 
  
Throughout the Fremont Period aridity and population frequency coalesced to 
create conditions that would encourage storage behaviors. The Uinta Basin experienced 
periodic, severe drought and rising population levels, sometimes concurrently (Benson et 
al. 2007; Cook et al. 2007; Knight et al. 2010; Knight 2011; Massimo and Metcalfe 1999; 
Talbot and Wilde 1989). Population density changes dependent on the number of people 
(population frequency) and the amount of available habitat (the suitability of which is 
influenced by aridity). 
Several studies have attempted to reconstruct Fremont population frequency in the 
Uinta Basin and beyond (Massimo and Metcalfe 1999; Talbot and Wilde 1989; Spangler 
1995, 2000a, 2000b). Based on the frequencies of radiocarbon ages collected from 
Fremont archaeological sites, human populations rapidly and steadily increased in the 
first few centuries of the modern era. Population frequencies peaked sometime between 
A.D. 800 – 100 during the period of time when the Uinta Fremont transitioned between 
the Uinta and Tavaputs Adaptive regimes (Spangler 1995, 2000a, 2000b). Massimo and 
Metcalfe’s (1999) frequency distribution of radiocarbon dates also reaches a zenith 
around A.D. 900, however the authors caution that they cannot confidently equate this 
radiocarbon trend with demographic shifts (Massimo and Metcalfe 1999:11-13). 
Assuming these widespread and consistent changes in radiocarbon frequencies do reflect 
relative population frequency growth and decline, archaeologists have proposed an 
environmental cause. 
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Paleoclimatologists label the climate regime during the latter two-thirds of 
Fremont history as the Medieval Climatic Anomaly (MCA). This phenomenon lasted 
from A.D. 800-1300, roughly contemporaneous with the peak of Fremont population 
(Knight 2011; Knight et al. 2010; Meko et al. 2007; Massimo and Metcalfe 1999; 
Spangler 2000b, 2013). Precipitation was more variable during the MCA than centuries 
before or since, with a tendency towards frequent, high-magnitude drought (Knight et al. 
2010; Knight 2011). Aridity spiked suddenly around A.D. 830, then again during the 
mid-to-late 900s, and such periods likely posed serious challenges to the Uinta Basin 
Fremont (Benson et al. 2007; Gray et al. 2007; Gray et al. 2011; Knight et al. 2011; 
Knight 2010). Knight et al. (2010:Figure 6) developed a precipitation reconstruction for 
Harmon Canyon on the Tavaputs Plateau that clearly shows the tumultuous climate 
Fremont society experienced between A.D. 200-1300. The return to relatively moist 
conditions in the mid-1000s, and a decrease in precipitation variance from A.D. 950-1200 
surely influenced human behavior, such as the decision to disengage in agriculture 
(Barlow 1998, 2002, 2006; Benson et al. 2007; Knight et al. 2010; Knight 2011). Taken 
as a whole, the MCA appears uniquely variable in the duration, frequency, and severity 
of regional drought. 
 I expect that this trend toward aridity and periodic drought coupled with greater 
population frequency drove Fremont populations into oases, resulting in higher 
population densities relative to the sizes of an increasingly limited number of productive 
resource patches. The contraction of suitable habitats owing to MCA-associated drought 
and concurrent population frequency increases effectively meant that more people would 
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need to share the resources of smaller or less ideal habitats. The ensuing competition for 
resources would prompt a variety of different behavioral responses. 
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A CLIMATE RECORD FOR THE UINTA BASIN 
 
 
Testing the predictions drawn from my IDF-based hypothesis requires the 
development of 1) a record of climate factors that influence habitat suitability, and 2) an 
archaeological radiocarbon dataset to track population and behavioral trends in the Uinta 
Basin. In this chapter, I establish a record of climate variability using a reconstructed 
Palmer Drought Severity Index (PDSI) (Cook et al. 1999). PDSI frequency and severity 
contribute to changes in the ability of the Uinta Basin to sustain large human populations. 
Human populations will expand or contract to meet local environmental carrying capacity 
(Kelly et al. 2013). Because droughts, as measured by PDSI, contribute to the overall 
productivity of ecosystems in the Intermountain West, this variable affects Fremont 
farming livelihoods and hunting and gathering strategies as well (Broughton et al. 2008; 
Van West 1996). 
The Uinta Basin is a semi-arid desert basin with bimodal precipitation distributed 
into the spring and autumn; summers are hot and dry while winters are cold and dry 
(USDA 2015). This pattern established itself at least by the Late Holocene when El Nino 
Southern Oscillation (ENSO) activity increased in the region (Wanner et al. 2011). 
ENSO, in association with other climate drivers like the Pacific Decadal Oscillation 
(PDO) and the Atlantic Multi-decadal Oscillation (AMO) govern the timing and degree 
of precipitation and temperature (Knight et al. 2010: 115 Cook et al. 2007, Hidalgo and 
Dracup 2003; Wanner et al. 2011). These influences trade-off with each other seasonally, 
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and their contributions to regional climate patterns have varied throughout time (Hidalgo 
and Dracup 2003; Wanner et al. 2011). Available moisture, in association with elevation, 
geology, and seasonal changes in temperature, structure plant and animal communities in 
the Uinta Basin. 
 
PDSI Reconstruction 
 
Tree rings provide an accurate and sensitive proxy for past PDSI (Speer 2010:15), 
a critical variable affecting annual plant growth, and thus an important independent 
variable for investigating the basin’s relative carrying capacity. To reconstruct drought 
timing, severity, and frequency across the Uinta Basin, I use PDSI data available online 
through the North American Drought Atlas (NADA, Cook and Krusic 2004). PDSI 
assigns values to precipitation from rainfall on an annual basis, converting absolute 
inches or centimeters of precipitation into an index of relative dryness with values 
ranging from -10 (most dry) to +10 (most wet) (Palmer 1965). This permits easy 
comparison of annual rainfall across time, and the annual resolution of the record can be 
easily extended into the past using tree-ring data. NADA’s PDSI data were derived from 
835 annual tree ring chronologies and were transformed into PDSI values using methods 
detailed in Cook et al. (1999). 
Soil moisture availability is gauged through PDSI values, and its ability to 
structure biotic communities makes it an important indicator of overall carrying capacity 
and variability in habitat suitability. Other models of prehistoric environmental 
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production have used PDSI as a proxy of carrying capacity (Van West 1996). NADA 
compiles 835 dated tree-ring chronologies to create a PDSI reconstruction across most of 
North America. A 2.5º latitude by 2.5º longitude grid spread across the continent 
produces 286 grid points, and for each point NADA provides a record of reconstructed 
PDSI time series data of up to two millennia. Cook et al. (1999) contains an in depth 
account of the development of the PDSI data grid. Here I highlight the aspects of the 
NADA data that make it ideal for this analysis. 
To examine historical changes in the Uinta Basin’s PDSI, I use the data associated with 
NADA’s Grid Point #102. This point falls near Nine Mile Canyon in the West Tavaputs 
Plateau on the southern rim of the Uinta Basin and about 45 km southwest of the project 
area center (Figure 5). The proximity of this arbitrary location to the Uinta Basin means 
that the reconstructed PDSI will closely match prehistoric conditions in the project area. 
Grid Point #102 captures between 2 and 62 individual tree-ring chronologies for each 
reconstructed year (Figure 6). The period from A.D. 200 - 1300 includes 2-14 
chronologies for any given year and is interpolated with up to five other regional grid 
point reconstructions to strengthen the calibration and verification results (Cook et al. 
1999). NADA provides the time series data as a free text file download (Cook and Krusic 
2004). I use the summer PDSI reconstruction in this analysis.   
The last 300 years of reconstructed PDSI history shows milder drought than 
conditions compared to the Fremont Period. During the Fremont Period, the PDSI paints 
a picture of a relatively dry landscape at times punctuated by periods of severe dryness 
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Figure 5. Location of NADA Grid Point 102. 
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Figure 6. PDSI data from NADA. 
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 (Figure 7). The PDSI values developed by Palmer (1965) label values less than -0.5 as 
periods of drought based on the soil moisture needs of more temperate regions of the 
American Midwest. Though the cool desert landscape of the Uinta Basin supports flora 
and fauna that can withstand drought, I expect that the relatively severe droughts during 
the Fremont Period decreased environmental productivity. In particular, periods of rapid 
(sub-centennial) shifts between relatively high moisture and moderate drought likely 
restructured the flora and fauna of the Uinta Basin quite profoundly (e.g. A.D. 500 – 
600). 
Within the period of interest the reconstructed summer PDSI values range from 
0.85 to -2.35. The index ranks drought on a scale between +4.0 (extremely wet) and -4.0 
(extreme drought), and a zero value suggests a “normal” amount of soil moisture (Palmer 
1965: Table 11). The reconstructed PDSI in the Uinta Basin during the last 2000 years 
has a clear tendency toward incipient, mild, and moderate drought (Figure 8), a result 
consistent with other regional proxy records of late Holocene moisture (Currey 1990; 
Grayson 2011; Madsen et al. 2001; Wigand and Rhode 2002). The MCA, active from 
A.D. 800 – 1300, contrasts with the preceding centuries when viewed on this time scale.  
As the incidence of drought waxed and waned during this period, the Fremont 
varied their reliance on agriculture to compensate for caloric deficiencies (Barlow 1997, 
2002, 2006; Spangler 2000b). Concurrently, changes in the overall population of the 
Uinta Basin added to the stresses posed by rapid descents into drought and increasing 
competition for resources as population density increased in the highest-ranked, most  
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Figure 7. Reconstructed PDSI from NADA Grid Point #102. 
 
 
Figure 8. Fremont Period PDSI. 
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productive habitats. The following chapter establishes a proxy record of population using 
radiocarbon dates. 
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FREMONT DEMOGRAPHY IN THE UINTA BASIN: A RADIOCARBON 
RECORD OF LATE HOLOCENE FORAGER-FARMERS AND ITS 
IMPLICATIONS FOR UNDERSTANDING CONFLICT 
 
This study’s alternate hypothesis predicts that as population density increases, 
people will engage more frequently in behaviors reflecting heightened resource 
competition. I examine this phenomenon through proxy records of population and 
climate, and this chapter focuses on the radiocarbon record. This chapter builds on 
previous research on the interrelated nature of climate influences and population trends, 
particularly in the Uinta Basin (Benson et al. 2007; Knight 2011; Knight et al. 2010; 
Spangler 1995, 2000a, 2000b; Weitzel and Codding 2016). Unlike previous studies that 
rely on histogram methods (Massimo and Metcalfe 1999; Simms 1986; Spangler 1995, 
2000a; Talbot and Wilde 1989), I use summed probability distributions (SPDs) and time 
series reconstructions of radiocarbon ages to create datasets comparable with continuous 
paleoclimate proxy records. 
To create the most comprehensive and reliable dataset possible, I conducted a 
literature search of archaeological testing and excavation reports. I relied on a published 
spreadsheet created by Jerry Spangler that compiled 394 radiocarbon samples from sites 
within and around the Uinta Basin (used with permission from the author). I collected 
additional radiocarbon ages from more recent archaeological reports (1999-2015) 
anticipating that modern oil and gas development on public lands generated cultural 
resource management projects that sampled additional archaeological sites. Using 
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Preservation Pro and Colorado Compass, online file search tools hosted and maintained 
by the Utah Division of State History and Colorado Office of Archaeology and Historic 
Preservation, respectively, I verified the locations of sites within the Uinta Basin 
discovered through this file search. 
In total, I collected 483 radiocarbon samples from 180 archaeological sites 
spanning a period of time from B.C. 12,300 to A.D. 1860 (all dates in calibrated years 
B.C./A.D. unless otherwise specified). To assure the quality of this dataset, I instituted 
chronometric hygiene standards that trimmed the sample to 369 dates from 139 sites. Of 
the 483 radiocarbon ages collected, 45 dates have good chronometric hygiene, 334 meet 
the acceptable standards. The remaining 20 have poor chronometric hygiene (examined 
in detail below) and 84 could not be evaluated due to missing data and were rejected from 
the sample. 
 
Database Quality Control 
 
Radiocarbon ages remain one of the most widely collected and ubiquitously used 
sources of temporal information available, but their proper use requires reckoning with 
the problems that arise from radiocarbon sampling and analysis. Several shortcomings of 
radiocarbon dating and temporal frequency distributions could affect this study’s ability 
to reliably reflect Uinta Basin paleodemography (Bamforth and Grund 2012; Brown 
2015; Surovell and Brantingham 2007; Contreras and Meadows 2014; Kelly et al. 2013; 
Smith et al. 2008; Williams 2012; Zahid et al. 2015). Confounding issues of small sample 
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sizes, poor chronometric hygiene, and taphonomic biases plague radiocarbon temporal 
frequency analyses.  
The size of the radiocarbon sample potentially biases temporal frequency 
distributions. Analyses using fewer than 500 radiocarbon samples produce results with 
potentially large errors (Williams 2012). A large sample size allows for attrition of 
individual radiocarbon samples that do not meet certain standards of chronometric 
hygiene. Chronometric hygiene refers to the ability of a measured radiocarbon sample to 
relate to the target date. The sampled date may vary from the target date for several 
reasons, notably the “old wood” problem or large standard error ranges common before 
widespread use of accelerator mass spectrometry (AMS) (Bronk Ramsey et al. 2006; 
Taylor 2009). Ensuring good chronometric hygiene of radiocarbon samples helps to 
decrease the noise in a temporal frequency distribution and increase the visibility of a true 
signal (Contreras and Meadows 2014; Fitzpatrick 2006). Taphonomic bias may also skew 
these results (Contreras and Meadows 2014; Surovell and Brantingham 2007; Surovell et 
al. 2009). Archaeologists are less likely to encounter organic materials from older and 
open sites than they are from more recent and sheltered contexts leading to skewed 
interpretations of over- and under-represented periods in frequency distributions. 
The design and final sample selection of the radiocarbon database overcome these 
issues. This study compiles the largest possible number of radiocarbon dates to avoid the 
potential bias posed by small sample sizes. Though only 483 radiocarbon dates were 
obtained for this study, the time-span that these samples represent is far less than the 
40,000 year time-span Williams (2012:587) used to generate his rule-of-thumb sample 
34 
 
 
size. The archaeological evidence available indicates that human occupation in the Uinta 
Basin likely began no earlier than 13,000 years ago; furthermore, the period of interest 
here spans the last 2,000 years, and I suggest that this shorter time-span means that fewer 
radiocarbon dates will be necessary for accurate results. Using Williams’ (2012) 
recommendations as a guide, I assign each radiocarbon sample a label of Good, 
Acceptable, Poor, or Indeterminate chronometric hygiene based on the association 
between the target and sampled date and the material sampled (Figure 9). I excluded 13 
samples that had no reported error, and I also excluded 24 dates with two sigma error 
ranges ±250 years. Including dates with reasonably small error ranges improves the 
accuracy and precision of the eventual summed probability distributions. The remaining 
366 ages serve as the final sample to test hypotheses drawn from the IFD model. 
The last issue of sampling, taphonomic bias, I expect to be a relatively minor 
source of error for this study. Although models exist to correct some taphonomic bias 
related to natural destructive processes (Surovell et al. 2009), I do not expect this step 
will be necessary. This study concerns itself with a sufficiently short period of time that 
avoids attrition due to age. In addition, the last two millennia tend to be the least affected 
by taphonomic bias (Surovell et al. 2009). 
Analytical Issues. Beyond sampling problems, several analytical issues with 
calibration and the use of SPDs should be considered. Calibrating radiocarbon dates 
against the radiocarbon calibration curve introduces other error into the analysis. 
Calibrated radiocarbon ages take the form of non-Gaussian probability distributions  
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Figure 9. Chronometric Hygiene Flowchart. 
 
 
 
reflecting the likelihood of the sample dating to a given interval of time. Converting 
calibrated radiocarbon ages into SPDs improves upon the precision and accuracy of 
traditional uncalibrated age or histogram methods by retaining the unique non-Gaussian 
shapes of each sample probability statement and summing these probabilities together 
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(Bamforth and Grund 2012; Bronk Ramsey et al. 2006; Kelly et al. 2013; Smith et al. 
2008; Williams 2012). But because the radiocarbon calibration curve does not have a 1:1 
correspondence with calendrical dates, some areas of the curve over- or under-represent 
the probability of a sample’s calibrated age (Bamforth and Grund 2012; Brown 2015). 
This calibration interference can change the overall shape of the final SPD and reflect 
idiosyncrasies in the calibration curve that would disguise meaningful variation in 
radiocarbon age distributions. 
I generated all calibrated radiocarbon ages and summed probability distributions 
using the online software OxCal version 4.2 (Bronk Ramsey 2016). OxCal uses the most 
recent radiocarbon calibration curve, IntCal13, which has a high degree of accuracy and 
precision for ages younger than 12,400 BP (Bronk Ramsey et al. 2006:793; Reimer et al. 
2013). The past two millennia are particularly well resolved due to the abundance of 
high-resolution terrestrial proxy records (Bronk Ramsey et al. 2006:793; Reimer et al. 
2013). Although the last 12,400 years of the radiocarbon calibration curve have 
irregularities that could bias results of temporal frequency analysis, my narrow focus on 
the period between A.D. 0 and 1300 greatly reduces the impact of this bias to negligible 
levels. Therefore, techniques accounting for the influence of the radiocarbon curve, such 
as using residual values of the SPD regressed against the curve itself (Bamforth and 
Grund 2012; Contreras and Meadows 2014), need not be used. 
Middle-Range Concerns. Radiocarbon dates require bridging arguments to justify 
the use of material evidence to interpret human behavior. Middle-range theory focuses on 
identifying functional relationships between observed and inferred phenomena (Binford 
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1982), or in this case, the relationship between radiocarbon ages and population. The 
simplest argument for using the frequency of radiocarbon dates as a proxy for the number 
of people on the landscape equates to larger human populations with greater amounts of 
discarded organic material (Rick 1987). In addition to the factors and processes discussed 
above, other changes in human behavior could account for observed changes in the 
frequency of radiocarbon dates. This study and others assume that the scale and rate of 
those changes would not dampen or drown out the desired signal of population size 
(Bamforth and Grund 2012; Brown 2015; Kelly et al. 2013; Steele 2010; Williams 2012). 
Beyond using radiocarbon frequencies as a measure of population frequency, I use a 
subset of samples from storage features as a measure of the frequency of behavioral 
adaptations. To measure changes in resource competition over time I selected samples 
found in direct association with storage features. Samples drawn from structural wood, 
organic inclusions in jacal, or from the organic contents of a storage feature serve as most 
direct temporal indications of storage behaviors. 
 
Time-Series Analysis 
 
Moving one step beyond using SPDs, this study incorporates a change-index time 
series of radiocarbon dates to match the data produced by independent climate variables 
used in the analysis. A time series presents the changes from one indexed value to 
another over time at regular intervals (Smith et al. 2008). The radiocarbon time series 
measures the changes in the area under the SPD at regular intervals. OxCal bins the 
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radiocarbon SPD values in arbitrary five-year bins based on the year A.D. 0. By 
subtracting the SPD value of each five year bin from the value of the previous bin, the 
resulting time series reduces the information from the SPD to a time series index of 
change over time. Increases and decreases in the radiocarbon probabilities are cast in 
contrast to each other, and this time series will be suitable for comparison against an 
independent record of climate. 
 
Fremont Population Frequencies 
 
The SPDs generated from this dataset offer a reappraisal of earlier assessments of 
Uinta Fremont demographics and behaviors. Uinta Basin population spiked in the early 
centuries post-A.D. 0, near the beginning of the Fremont Period (Figure 10). Consistent 
with previous interpretations, the SPD shows that population remained low in the Uinta 
Basin throughout the Early and Middle Archaic Periods (Massimo and Metcalfe 1999; 
Spangler 1995, 2000b; Talbot and Wilde 1989). Although taphonomic bias may 
contribute to the small number of dated samples between 6,000 – 2,000 B.C., 
archaeologists have reached a consensus that foraging groups used the region less 
intensively than in the following Late Archaic Period (Benson et al. 2007; Massimo and 
Metcalfe 1999; Spangler 1995, 2000b; Talbot and Wilde 1989). Population increased 
during the Late Archaic Period providing a plateau against which to compare the 
subsequent Fremont Period. Uinta Basin population between 1,500 B.C. and A.D. 0 
remains somewhat consistent and higher than at any previous point in human history.  
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Figure 10. Summed probability distribution of Uinta Basin radiocarbon samples 
dating to the Fremont Period. 
 
These trends suggest that during the Late Archaic more people may have foraged in the 
Uinta Basin, perhaps responding to a more hospitable local climate (Barlow 1997, 2002, 
2006). 
Both Spangler’s (2000a) research and this study report increasing populations 
throughout the Late Archaic and Early Fremont Periods, however the results of the 
summed probability distribution point to a more rapid and higher magnitude population 
increase than indicated by previous radiocarbon histogram methods. To compare the two 
population proxies, I first recreated Spangler’s (2000a: Figure 5.6) analysis and clipped 
the SPD to the years between 500 - 1350 A.D. (Figure 12). Comparing the two 
population proxies using SPSS for Windows v.24, returns similar but not identical 
results. The two datasets correlate significantly, but not perfectly (Spearman’s R= 0.821, 
p ≤ 0.001). The intercept frequency method generates a jagged population proxy that  
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Figure 11. Comparison of population proxies derived from frequencies (adapted 
from Spangler 2000a). 
 
 
 
perhaps underestimates the overall population during the Uinta Fremont Period and 
overestimates the population during the Late Fremont Period. The results from the 
summed probability distribution indicate that the Fremont population decline began 
earlier than previously thought.  
 
A Radiocarbon Record of Fremont Farming Behaviors.  
 
To examine trends in farming-related behaviors, I selected 97 samples 
representing agricultural behaviors from the final dataset. These radiocarbon samples 
include direct dates on maize or other cultigens, or materials from permanent and semi-
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permanent structures (e.g. pithouses) that indicates sedentism greater than would be 
expected for mobile groups (Kelly 1992; Kelly et al. 2005). 
Figure 13 shows the relative timing of farming compared to the overall Fremont 
population proxy. I scaled the SPD of farming-related behaviors against the overall 
Fremont SPD to better represent the relative contributions of these agricultural samples 
within the larger dataset. Interestingly, farming-related behaviors have a highly 
significant positive correlation with the trends in the overall Fremont SPD (Spearman’s R 
= 0.896, p ≤ 0.001), suggesting that overall population size accounts for some variability 
in farming behavior frequency. The occurrence of farming behaviors steadily rises from 
A.D. 0 through the peak around A.D. 650, and then show a slow decline thereafter. The 
number of radiocarbon samples representing Fremont farming behaviors never accounts 
for more than half of the overall Fremont radiocarbon dataset at any given time, 
reinforcing Madsen and Simms’ (1998) challenge to the stereotype of the Fremont as an 
exclusive population of farmers. The standardized residuals reveal a marked difference in 
behavior before and after A.D. 650 (Figure 14). These residuals derive from a regression 
of radiocarbon ages relating to Fremont farming behaviors against the overall Fremont 
SPD. An examination of the overall Fremont SPD shows the first portion of the Uinta 
Fremont Period (A.D. 400 – 650) has a greater than expected frequency of farming 
related behaviors, a phenomenon that reverses in the years from A.D. 650 through the 
end of the Fremont Period. This difference in farming behavioral frequency corresponds 
with Spangler’s (2000b) hypothesized Uinta and Tavaputs Adaptations, although 
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Figure 12. Scaled summed probability distributions of Fremont behaviors across the 
study area. 
 
 
 
Figure 13. Standardized residuals for farming behaviors against overall Fremont 
SPD. 
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Spangler’s timing for these behavioral Fremont suites lags several centuries behind the 
results given as standardized residuals. 
 
Summed Probability Distributions of Storage Behaviors 
 
The final SPD drawn from this dataset consists of only dated storage features or 
their contents. Thirty-two samples from storage features were identified within the 366 
sampled radiocarbon dates. From these data, the frequency of the construction,  
modification, and use of storage features increases over time (Figure 15). The most 
striking, rapid increase occurs around A.D. 550 – 675, and frequencies remain high 
thereafter.  However, the results of a regression analysis suggest the variability in storage 
feature frequency is partially dependent on change in the overall Uinta Fremont 
population (R = 0.750, R2 = 0.563). Therefore, more people in the landscape tends to 
generate a commensurate rise in the number of structures to store food surpluses.  
 Using SPSS v24for Windows, I saved the standardized residuals from the storage 
regression against the overall population (Figure 16). A slow dip in the first centuries 
A.D. represents lower than expected incidence of storage feature construction, use, or 
modification based on the increasing Fremont population. This downward trend 
undergoes a swift reversal after A.D. 700 and continues through the end of the Fremont 
Period at A.D. 1300. During this period, more radiocarbon dates from storage sites occur 
than would be expected given the population, which during this interval peaked and  
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Figure 14. SPD of dated storage sites in the Uinta Basin. 
 
 
 
 
Figure 15. Residuals for Storage sites. 
 
-2
-1.5
-1
-0.5
0
0.5
1
1.5
2
2.5
3
ST
AN
DA
RD
IZ
ED
 R
ES
ID
UA
LS
RADIOCARBON AGE (IN CAL YRS AD)
45 
 
 
began a sharp decline. At a glance, these results conform to Spangler’s suggestion that 
the Tavaputs Adaptation was a reaction to increased territoriality and resource 
competition. 
 
Summary 
 
The radiocarbon dataset developed for this analysis compiles 366 radiocarbon 
ages and generates a population proxy record for the last 7,000 years of human 
occupation in the Uinta Basin. Focusing on the Uinta Fremont Period (A.D. 200 – 1300), 
this study presents a different population reconstruction than existed previously. The peak 
of human population in the Uinta Basin occurred slightly earlier in time than in other 
regions of the northern Colorado Plateau and eastern Great Basin, a fact that may be of 
interest to future researchers. The comparison of the farming-related SPD against the 
overall Fremont population SPD reveals that the two trends are similar in timing. 
Furthermore, the frequency of agricultural behaviors never eclipsed foraging, reasserting 
that the Uinta Fremont were a community of foragers who conditionally farmed. In 
general, the Fremont population responded to decreasing precipitation by investing in 
maize agriculture (Barlow 1997, 2002, 2006), although the frequency of these sites never 
eclipsed radiocarbon dates associated with foraging sites, such as temporary camps. 
 The last examination of the radiocarbon database concerns storage features as a 
response to increasing population density. I contend that the construction, use, and 
modification of storage features qualify as behavioral responses to resource competition, 
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and are therefore subject to influence by increasing population density. The SPDs of 
storage features sampled from the Uinta Basin during the Fremont Period do not conform 
to the overall population trend, and they conform even more poorly to a statistical model 
derived from farming-related sites. The most striking differences occur between A.D. 700 
and 1300, a period of time marked by high-frequency, high-magnitude droughts and by 
declining Fremont populations. During this period of declining Fremont population more 
storage features were constructed than would be expected. These radiocarbon data and 
the PDSI reconstruction enable the testing of hypothetical predictions. 
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TESTING THE ALTERNATIVE HYPOTHESIS: TRENDS IN UINTA BASIN 
STORAGE PRACTICES 
 
 
 Using proxy records created from the radiocarbon database and tree-ring records, 
I test whether people in the Uinta Fremont Period changed the frequency of their storage 
behavior as a response to changing population density. One hypothesis of the IFD model 
suggests that territorial behaviors indicating resource competition operate as a proxy 
index of population density (Fretwell and Lucas 1970). If storage frequency is an index 
of population density, then I expect that both PDSI and population frequency should 
influence the frequency of storage behaviors. The frequency of storage behaviors should 
be the greatest in periods when PDSI reflects drought conditions and population 
frequency is high. Because I cannot determine the relative contributions of PDSI and 
population frequency to population density, I consider each independent variable 
separately. 
To compare the frequency of storage features to PDSI and population, I convert 
the SPD time series to a first-degree index of change over time, then compare the 
independent proxies of population density to the storage features. For visual clarity, I 
increased the time series bins to 20 year intervals in order to decrease the noise in these 
data (Figure 17). I averaged the time series values from the five year bins to create the 20 
year bins. These time series reflect the changing frequencies of overall Fremont  
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Figure 16. First-difference analysis time series for SPDs used in analysis in 5 year 
bins. 
 
 
 
population and storage behaviors that will be used to evaluate the resource competition 
test predictions. 
To compare the datasets I employ a moving window analysis of Spearman’s 
correlation coefficients, and because the two radiocarbon datasets do not follow a normal 
distribution, I use non-parametric tests (Table 1). Other statistical tests comparing two 
datasets return the results of the entire series without highlighting individual temporal  
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Table 1. Kolmogorov-Smirnov Tests of Normality for Datasets. 
 
 
 
episodes of significant correlation. I created these moving window correlations on an 
arbitrary five year time interval; this five year period is a relic from the OxCal SPD  
results. I use SPSS to generate 30 year correlation windows (Nyear ±15), around each 5 
year interval. 
 
PDSI as a Predictor of Resource Competition 
 
 The Uinta Basin is comprised of multiple habitats that are all subject to change as 
PDSI changes. If increasing drought lowers the productivity of Uinta Basin habitats, then 
I expect the Fremont to increase their storage behaviors to cope with any resulting increase 
in resource competition. To test this prediction, I compare PDSI with storage feature 
frequency. 
Using the first difference data presented above, no correlation exists between PDSI 
and storage feature frequency over the duration of the 1300-year period (Spearman’s R = 
0.050, p = 0.420), but the moving window correlation highlights several episodes of 
statistically significant correlation (Table 2). These results point to a weaker relationship 
between PDSI and storage than expected. Despite the lack of a statistically significant  
Dataset Kolmogorov-Smirnov Statistic Significance (p) 
Overall Fremont Radiocarbon 0.119 0.022 
Storage radiocarbon 0.169 ≤ 0.001 
Reconstructed PDSI 0.074 0.200 
50 
 
 
Table 2. Episodes of Significant Correlation between Population and  
Storage Frequency. 
 
 
 
relationship across the entire period, some patterns relevant to understanding resource 
competition do emerge. 
  Periods of significant negative correlation are more common prior to A.D. 700 
than after. Storage feature frequency stayed relatively low during this period (Figure 15) 
corresponding to PDSI values reflecting relatively wet conditions (Figure 8). Particularly 
between A.D. 200 – 350, PDSI values indicate a moister than typical environment. 
Resource competition remained low during this period (Figure 15), and the climate may 
have permitted population growth to continue without deteriorating habitat suitability.  
However, storage features increase in frequency during drought episodes (Table 3). Two  
Date Spearman’s Correlation Coefficient 
Significance 
(p) 
Change in Fremont 
Population 
190 -0.857 0.014 1.14778 
195 -0.893 0.007 1.34265 
200 -0.857 0.014 1.04495 
710 0.857 0.014 -0.69885 
715 0.786 0.036 1.09366 
720 0.786 0.036 0.77315 
725 0.857 0.014 1.42074 
730 0.857 0.014 0.94832 
735 0.964 ≤0.001 0.57638 
740 0.929 0.003 -1.51979 
745 0.893 0.007 -1.28457 
750 0.821 0.023 -0.5019 
755 0.821 0.023 -0.51349 
1095 0.821 0.023 -0.67221 
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Table 3. Episodes of Significant Correlation between PDSI and Storage Frequency. 
 
 
droughts in particular from A.D. 130-140 and A.D. 545 conform to the test prediction 
that increasing aridity will prompt an increase in storage frequency. 
These two periods are insufficient to assert the existence of a behavioral trend, 
and when investigated further, these two drought conditions fail to provide explanations 
for the temporally associated changes in human behavior. Within the drought period 
between A.D. 130-140 the correlation between PDSI and storage feature frequency 
reached -0.555. This correlation however is based on a very low storage SPD value 
(Figure 15), and should be discounted as a behavioral corollary to climate conditions. The 
second drought period at A.D. 545 does have the predicted negative correlation with 
increasing storage frequency, however the frequency of storage feature 
construction/modification/use was essentially flat during this period (Figure 15). This 
appears to represent a classic case of “correlation is not causation,” since no observable 
changes in the dependent behavioral variable occur that would indicate a meaningful 
response to changing climate conditions. 
Years 
AD 
Spearman’s Correlation 
Coefficient 
Significance 
(p) 
Reconstructed 5yr 
PDSI 
20 0.786 0.036 -1.5202 
130 -0.786 0.036 -0.555 
135 -0.847 0.016 -2.6334 
140 -0.847 0.016 -1.3386 
510 0.821 0.023 -2.8294 
545 -0.857 0.014 -1.0954 
715 0.757 0.049 0.62 
960 0.786 0.036 -1.4782 
1050 0.821 0.023 -2.6032 
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The increase in storage frequency anticipated by my hypothesis does not 
materialize in most periods of drought, suggesting that PDSI contributes less to 
population density than anticipated. Due to the weak correlation in this period no 
relationship between PDSI and resource competition can be identified with certainty. 
This data gap invites future work focused on reconstructing the relationship between 
habitat suitability and climatological factors that can be extended into the past as a proxy 
measure of suitability. 
 
Population Frequency as a Predictor of Resource Competition 
 
 The second test prediction relies entirely on the radiocarbon dataset. As 
population frequency increases, so too should the frequency of storage features. In this 
analysis, I use the population time series after first removing the influence of PDSI from 
the dataset. A Spearman’s R test failed to show a statistically significant relationship 
between PDSI and overall population (Spearman’s R = 0.045, p = 0.233). Nonetheless, I 
detrended the population dataset to prevent testing for PDSI in an uncontrolled way. 
Using PDSI as an independent variable, I performed a regression on population 
frequency and saved the standard residuals for use in the analysis. 
Although the overall correlation between population and storage feature 
frequency during this 1,300 year period is weak (Spearman’s R= 0.117, p = 0.060), the 
statistical significance of this correlation changes over time. Throughout most of the 
Fremont Period (94.6%) the correlation between overall population frequency and 
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storage features remains weak or null. However, at approximately A.D. 700 and again at 
the beginning of the 12th century the predicted positive correlation between population 
and storage occurs. This change in behavior may explain changes observed in Spangler’s 
(2000b) material culture transition between the Uinta and Tavaputs Adaptations. 
Population and Storage before A.D. 700. The first half of Fremont history, the 
portion roughly contemporaneous with the Uinta Adaptation, shows a steady growth in 
population frequency from a summed probability of 0.0002 in A.D. 0 to 0.0086 by A.D. 
750 (Figure 10). The lack of significant positive correlations punctuated by an episode of 
negative correlation from A.D. 195 – 205 suggests that despite this population increase, 
the Uinta Fremont created, modified, and used fewer storage features than would be 
expected. The IFD model interprets this phenomenon to mean that the addition of more 
people to the landscape did not necessarily create a greater stress on resources and 
suggests that the highest ranked habitats could accommodate this period’s population 
growth. Rather than disproving the hypothesis, the model interprets this as a period of 
particularly low resource stress. 
The Allee hypothesis of the IFD model predicts that habitat suitability may 
improve during the initial population aggregation as actors restructure the habitat to their 
short-term benefit (Allee 1949; Fretwell and Lucas 1970). In the human example, 
intensification of subsistence activities increases net caloric return, though these activities 
reduce caloric efficiency (Barlow 1997, 2002, 2006; Morgan 2015). The adoption of 
agriculture and agricultural intensification around this same period could help to explain 
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why population frequency increased but population density, as measured by resource 
competition, did not. 
If habitats improved from external environmental conditions then the growing 
population would expand into fewer new habitats or perhaps even contract into the 
highest ranked habitats. Drawing from the overall population frequency and the number 
of contemporaneously occupied sites (Figure 20), the results support this interpretation 
for the period prior to A.D. 700. The number of contemporaneously occupied sites 
remains relatively low, despite a peak in the mid- A.D. 400s, although the radiocarbon 
proxy of population frequency suggests that population increases during the Fremont 
Period (Figure 10). This suggests an increasing ability of these habitats to accommodate 
larger populations, perhaps due to climatological influences or social influences 
associated with the Allee principle (Fretwell and Lucas 1970), such as the addition of 
maize agriculture that could have increased the availability of subsistence resources. 
Population Density after A.D. 700. The Uinta – Tavaputs transition after A.D. 700 begins 
with a sudden correlation between population and storage feature frequency that 
conforms to test predictions (Figure 18 and Table 2). The population from A.D. 710-755 
generally grew and began to plateau in this period, and the Fremont use of storage 
features suggests that competition for resources remained high throughout these decades. 
A second correlation at A.D. 1095 highlights the denouement of the Fremont population 
boom. During this time the population decreased and the number of contemporaneously 
used storage features decreased as well. 
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Figure 18. Number of contemporaneously occupied sites in the Fremont Period. 
 
 
 
The relative population frequency (Figure 10) decreased during these centuries, 
but the continued construction, modification, and increases in storage feature frequency 
(Figure 15) indicate climbing population density despite the decreasing population 
consistent with the IFD hypotheses. At the same time, the Fremont population expands 
into 24 different sites or habitats (Figure 18), reinforcing the interpretation that resource 
competition increased in response to rising population frequency, consistent with 
hypothetical predictions. 
 
Implications for Understanding the Uinta and Tavaputs Adaptations 
 
 While Spangler (2002a) places the beginning of the Tavaputs Adaptation around 
A.D. 1000, the environmental conditions that would predict this behavioral adaption 
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existed several centuries earlier. The sharp change in correlation between population 
frequency and storage frequency (Figure 20) combined with the increasing frequency of 
storage features indicating resource competition (Figure 15) suggests that around A.D. 
700 the Fremont experienced a dramatic reversal of fortunes. No longer could habitats 
accommodate large populations as in the period in which the Uinta Adaptation prevailed 
(A.D. 0 – 700). Now the growing Fremont population (Figure 10) deteriorated the 
suitability of the highest ranked habitats and dispersed from aggregated settlements into 
many new, lower-ranked habitats (Figure 18). The Fremont built, refurbished, or used 
storage features at an increasing rate (Figure 15), keeping pace with their growing 
population more closely than at any other point in Fremont history.  
The Tavaputs Adaptation’s material culture record post-A.D. 1000 appears 
defensive, but the conditions of increased resource competition that would drive this 
defensiveness burst onto the scene immediately post - A.D. 700. Around this time the 
storage feature frequencies begin to reflect growing resource competition, and these 
frequencies plateau around A.D. 1000 (Figure 15). I suggest that the onset of the 
Tavaputs Adaptation begins circa A.D. 700, and recommend that future research seek out 
temporally-anchored manifestations of resource competition to continue to refine the 
spatial and temporal extents of this Late Fremont phenomenon responding to resource 
stress. 
The Fremont continued to use storage to mitigate resource competition through 
the end of the Fremont Period around A.D. 1300. An example of how the Fremont used 
these features comes from Jones Hole Canyon, Utah (Hora-Cook and Finley 2015). In 
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this narrow canyon the Fremont stored not only foraged foods but agricultural products 
that may have been grown in “contingency fields” or “small garden plots” located on the 
canyon’s alluvial floor (Leach 1970:295-296, 317-318; Hora-Cook and Finley 2015; 
Liestman 1985:42, Truesdale 1993). Three of the six storage features encountered in the 
canyon yielded radiocarbon ages from A.D. 1090 – 1200 suggesting they were 
constructed during the height of resource stress as reconstructed in Figure 15 (Hora-Cook 
and Finley 2015; Vander Wall 1990). The Fremont nestled these granaries in the back of 
box canyons in places where their visibility was limited, thus scattering their stored 
resources as a defensive measure (Hora-Cook and Finley 2015). Scatter hoarding such as 
this may be more prevalent during the Tavaputs Adaptation, whereas larder hoarding may 
prove to be a component of the Uinta Adaptation. Research suggests that residential 
mobility was lower in the first half of the Fremont Period, and lower residential mobility 
tends to be associated with larder hoarding (Yoder 2005; Young 1996). During the period 
post A.D. 700, the Fremont continued to incorporate farmed foods into their diet but 
these agricultural products increasingly came from contingency fields maintained by 
more residentially mobile populations (Patterson and Flanigan 2010; Hora-Cook and 
Finley 2015; Spangler 1995; Truesdale 1993; Yoder 2005). This analysis does not 
differentiate between types of storage, but a larger database of relevant dated samples 
may reveal that people used larder and scatter hoarding differently not only dependent on 
their residential mobility, but depending on the intensity of resource scarcity and 
competition. 
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Periods of IFD Model Non-Conformity and Recommendations for Future Work 
 
Most of this analysis focuses on statistically significant correlation, yet for most 
of Fremont prehistory no correlation existed between population frequency and storage 
frequency or PDSI and storage frequency. Because storage frequency successfully 
operates as a proxy index of resource competition in several key periods of the Fremont 
era, other factors may be at work that cause variation from the model and contribute to 
weak correlations. 
Alternative adaptive behaviors. Storage features may signal increasing 
competition for resources, but the Fremont likely engaged in other behaviors to mitigate 
this stress. Technological and social adaptations not accounted for in this study can 
improve habitat suitability and decrease competition for resources. Other research 
investigating technological innovations in subsistence strategies have found that 
intensifying aspects of food production (e.g., canal building, pottery making) can result in 
a net increase in calories at the expense of efficiency (Bright et al. 2002; Kuehn 2014; 
Morgan 2015; Ugan et al. 2003). Other less archaeologically visible social behaviors, 
such as sharing among kin and social networks, can decrease competition for resources 
by pooling and distributing the resources available across multiple habitats (Winterhalder 
et al. 1999). 
When first introducing the IFD hypothesis, Fretwell and Lucas (1970) listed 
territorial behaviors that could not only mark increasing resource competition but 
encourage other members to select alternative habitats. Aggressive territorial behaviors 
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serve to reduce the habitat’s extant population density, but these behaviors also signal to 
outside group members that habitat’s suitability may be on the decline. Other behaviors 
that may be archaeologically difficult to track, such as raiding and warfare, may have 
occurred throughout the Fremont Period and these behaviors would have discouraged 
people from settling in these areas and creating storage spaces for their food resources. 
Problems with the sample of storage behaviors. Although this radiocarbon 
database compiles hundreds of samples collected across the Uinta Basin, problems with 
the sample of storage behaviors remain. Of the 366 samples determined to have adequate 
chronometric hygiene, only 33 radiocarbon ages are from storage features. Increasing 
sample size may increase the accuracy and precision of the moving correlation results by 
providing greater sample depth, particularly in the earliest analyzed centuries. 
The second problem of the sample is that it tracks the number of storage features 
but not the volume of food stored in them. The behavior indicative of resource 
competition is food caching, and larger storage features such as a granaries will hold 
greater quantities of food compared to bell-shaped pits (Talbot and Richens 1996; Yoder 
2005). Analyzing storage features based on their changing volume over time may add 
nuance to future studies of resource competition. This may connect to a recommended 
study on whether larder and scatter hoarding have ties to changes in population density. 
Scale and Lead/Lag Effects. Adapting the IFD model to archaeological data 
requires a long term appraisal of changing habitat suitability over time. The applicable 
timeframe for the IFD model is insinuated to be on the order of days, weeks, or months 
(Fretwell and Lucas 1970), whereas archaeological data evaluates change over time on  
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multi-decadal to centennial scales at best. This analysis assumes that the modeled 
decrease in habitat suitability that occurs with increasing population density occurs over 
the multi-decadal period necessary for archaeological interrogation. Perhaps some 
periods of time did not have the sustained increases in population density necessary to 
result in increases in storage features. On the other end of the spectrum, effects of 
environmental variables may lag several decades behind their causal factors.  In 
particular, the effects of climate variables on human populations as gauged through 
radiocarbon data seem susceptible to this phenomenon (Kelly et al. 2012; Robinson et al. 
2013). 
Climate Proxies. The PDSI data from the NADA dataset failed to reject the null 
hypothesis and suggests that the hypothesized relationship between climate and resource 
competition may not exist. Based on this result, I recommend improving upon existing 
PDSI proxies and seeking out other proxy indicators of habitat suitability. This study 
used NADA data to reconstruct PDSI throughout the Fremont Period, however the 
NADA dataset relied on only two or three individual tree-ring chronologies. On-going 
dendrochronological research should target sub-fossil wood to reconstruct prehistoric 
climatological conditions. Continued incorporation of dead-standing and dead-down trees 
in future tree-ring chronologies will improve the accuracy and precision of prehistoric 
climatological models. 
Summary. Although periods of non-conformity to the model exist throughout 
Fremont prehistory, these tests highlight areas for future research. Alternative behavioral 
models, improved datasets, and further statistical testing can all shed light on the 
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behavioral shifts that have long been identified in the archaeological record of the Uinta 
Basin. 
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CONCLUSIONS 
 
 
This study explains aspects of Fremont culture change between A.D. 0 – 1300 and 
affirms the viability of using radiocarbon data from storage features as a proxy measure 
of population density. The IFD model predicts the order in which habitats will be 
occupied by individual actors and suggests behaviors that these actors might engage in to 
improve or maintain the suitability of a habitat (Codding and Bird 2015; Fretwell and 
Lucas 1970). Increasing population density diminishes the suitability of habitats, 
prompting behavioral responses that mitigate increasing resource competition. I examine 
storage behaviors via the construction, modification, and use of storage features as a 
proxy measure of resource competition, expecting that the frequency of storage behaviors 
corresponds to changes in population density. Due to difficulties in gauging population 
density archaeologically, I use both population frequency and PDSI to model prehistoric 
population density. 
I focus on the Uinta Basin Fremont Period (A.D. 0 – 1300) to test my hypothesis, 
specifically drawing on the Uinta and Tavaputs behavioral-temporal material culture as 
defined by Spangler (2000b). He postulates that the Fremont aggregated into large 
villages and employed larder storage to secure their agricultural surpluses during the 
Uinta Adaptation (A.D. 400 – 1000), and became more defensive and territorial after 
A.D. 1000 during the Tavaputs Adaptation, as evidenced through small village sites and 
inaccessible storage features (Boomgarten 2009; Patterson and Flanigan 2010; Spangler 
2000a, 2000b; Talbot and Richens 1996). My examination of storage feature frequency 
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explains this behavioral shift as a response to increasing resource competition between 
about A.D. 650 – 750. 
During the period between A.D. 0 – 700, associated with the Uinta Adaptation, 
the frequency with which the Fremont constructed, modified, and used storage features 
remained relatively low. Despite a rapidly growing population, habitats could support 
large populations. Low resource competition allowed the Fremont to construct relatively 
large villages on low knolls near floodplains (Leach 1966), in areas that likely had the 
highest suitability for foragers and farmers alike. After A.D. 700 resource competition 
spiked and remained higher than during the preceding centuries. The Fremont engaged in 
storage behaviors more frequently than they previously had, and these storage behaviors 
are concomitant with other archaeologically visible indicators of social stress (Spangler 
1995, 2000b, 2013). 
This study reinforces the use the IFD model in archaeological contexts and the 
applicability of radiocarbon dates as relative demographic proxies, but highlights the 
need for further work to develop both radiocarbon and climatological proxies. The 
original conception of the IFD model was applied to living populations and to their 
behavioral responses visible on a sub-annual timescale. The results of this study show 
that the timescale of the IFD model can be extended into multi-decadal and centennial 
timescales suitable for archaeological inquiry. The ability of the IFD model to offer an 
explanatory framework for changing Fremont behavior also suggests that radiocarbon 
dates provide a reliable index of population and behavioral frequency. Continued 
refinement and expansion of the database to include more samples of acceptable 
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chronometric hygiene will improve the reliability of results. Although the study was 
broadly successful, the ability of PDSI to predict human behavior did not perform as 
expected. Possibly PDSI is an inadequate measure of changing habitat suitability or 
possibly the available PDSI proxy record needs improvement. I recommend collecting 
more sub-fossil tree-ring records to bolster the accuracy and precision of reconstructed 
PDSI, as well as using proxy records of precipitation once they become available. The 
Jones Hole Canyon record, currently under construction, may be a faithful proxy index of 
habitat suitability.  
The results of this study paint an optimistic picture of the future of IFD studies in 
archaeology. Researchers should continue investigating human behavior using 
hypotheses derived from the IFD model. Future research into settlement spacing and 
other forms of territorial behavior can shed new light onto how prehistoric people coped 
with changing habitat suitability resulting from increasing population density. 
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Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
5RB0726 W-4264 -7120 260 -10319.5 762 Unknown Unknown 
5RB0298 UGA-1698 -5545 410 -8543 879 Unknown Unknown 
42DA0599 B-121201 -5120 180 -7974.5 350 Activity area Organic sediment 
42DA0690 B-107710 -4310 120 -7197.5 262 Structure 3: hearth Charcoal 
42DA0690 B-132171 -4000 100 -6900 259 Structure 2: hearth Charcoal 
42DA0690 B-132172 -3830 60 -6637.5 146 Structure 1: pit Charcoal 
5RB0298 UGA-1716 -2605 1000 -6286.5 1408 Unknown Unknown 
5RB0298 UGA-1705 -2945 830 -5658 1952 Unknown Unknown 
5RB0670 W-4244 -2720 180 -5390 501 Unknown Unknown 
5RB1008 RL-1147 -2660 320 -5351.5 826 Hearth Charcoal 
42DA0485 B-32511 -2540 420 -5183.5 1082 Hearth Charcoal 
5MF0436   -2260 0 -4842.5 8 Unknown Unknown 
42UN0126 M-783 -2230 500 -4809.5 656 Rockshelter Charcoal 
5MF0476   -2185 0 -4743.5 86 Unknown Unknown 
5MF0436   -2165 0 -4735 89 Unknown Unknown 
5MF0436   -2150 0 -4735 89 Unknown Unknown 
42UN0126 W-1359 -2170 500 -4699 1241 Rockshelter Unknown 
42DA0693 B-107711 -2110 80 -4635.5 198 Slab lined basin 4 Charcoal 
42DA0693 B-132173 -2100 80 -4631.5 198 Slab lined basin 1 Charcoal 
5MF0428   -1700 1100 -4438 2718 Unknown Unknown 
42UN0001 GX-0898 -1840 420 -4359 1107 Rockshelter Charcoal 
5MF0429   -1740 650 -4322 1611 Unknown Unknown 
5RB0298 UGA-1704 -1620 1080 -4282 2653 Unknown Unknown 
5RB0312 RL-776 -1690 260 -4136 685 Unknown Unknown 
42DC0823 B-133756 -1740 120 -4083 352 Hearth Organic sediment 
5RB0312 RL-777 -1600 260 -4073.5 732 Unknown Unknown 
42UN0001 GX-0899 -1630 170 -3969 458 Rockshelter Bone 
5RB0148 RL-0 -1510 300 -3936 864 Unknown Unknown 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
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5MF2637 B-27678 -1500 140 -3832.5 384 Hearth Charcoal 
42DA0617 B-107705 -1500 140 -3832.5 384 Slab lined basin Charcoal 
5MF0607 UGA-1852 -1490 120 -3779.5 308 Unknown Unknown 
42UN0001 GX-0899B -1420 220 -3774 610 Rockshelter Bone 
42DA0545 B-70922 -1410 140 -3722 359 Hearth Charcoal 
5RB0454 B-34173 -1360 260 -3675.5 710 Hearth Charcoal 
42DA0485 B-35421 -1350 140 -3614 360 None Charcoal 
42UN2083 B-69507 -1310 160 -3572 405 Hearth Charcoal 
42DA0600 B-132759 -1300 140 -3553 343 Slab lined basin Organic sediment 
42UN0001 GX-0897 -1260 240 -3511.5 632 Rockshelter Charcoal 
5RB0454 B-42361 -1250 160 -3480.5 410 Hearth Charcoal 
5RB0148 RL-0 -1150 300 -3476.5 756 Unknown Unknown 
5RB0298 UGA-1702 -515 620 -3454 842 Unknown Unknown 
5RB2685 B-12968 -1140 260 -3409 655 Hearth Charcoal 
42DA1269 B-179702 -1160 120 -3375 313 FCR dump Charcoal 
42DC0823 B-133758 -1170 100 -3360 276 Hearth Charcoal 
42DA0061 B-13675 -1120 180 -3340 479 Hearth Charcoal 
42DA0617 B-132170 -1130 140 -3323.5 362 Slab lined basin Charcoal 
5RB0454 B-42354 -1130 160 -3316 395 Hearth Charcoal 
5RB0454 B-42353 -1110 120 -3284 303 Hearth Charcoal 
5RB0454 B-56582 -1060 120 -3253 307 Hearth Charcoal 
5RB0454 B-51341 -1060 120 -3253 307 Hearth Charcoal 
42UN1476 B-14469 -1030 180 -3197.5 416 Hearth Charcoal 
5RB2685 B-12967 -1030 150 -3194 188 Hearth Charcoal 
5RB0454 B-51345 -990 100 -3138 254 Rockshelter Charcoal 
42DA0485 B-35096 -900 180 -3138 420 Hearth Charcoal 
5RB0454 B-56584 -900 180 -3138 420 Hearth Charcoal 
42DA0485 B-32837 -960 100 -3120.5 250 Hearth Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
5MF0436   -950 0 -3117.5 42 Unknown Unknown 
5RB0454 B-51337 -940 120 -3088.5 292 Hearth Charcoal 
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42UN1476 B-14969 -850 150 -3055 330 Hearth Charcoal 
5RB0454 B-42352 -880 120 -3054.5 286 Hearth Charcoal 
42DA1269 B-179701 -840 120 -3039 288 Roasting pit Charcoal 
5RB0454 B-51342 -820 120 -3034.5 290 Rockshelter Charcoal 
5RB0454 B-56583 -770 120 -2932 389 Residential 
Structure 
Charcoal 
5RB0454 B-42360 -780 180 -2918 458 Hearth Charcoal 
42DA0545 B-152843 -770 80 -2912.5 164 Hearth Charcoal 
5RB1460   410 1420 -2823 2889 Unknown Unknown 
5MF0436   -590 0 -2744.5 6 Unknown Unknown 
5RB0454 B-51344 -610 140 -2690 342 Residential 
Structure 
Charcoal 
5MF0510 UGA-1355 -565 200 -2657.5 504 Unknown Unknown 
5RB0454 B-56581 -610 120 -2656.5 298 Residential 
Structure 
Charcoal 
5RB2984 B-35122 -570 140 -2655.5 324 Unknown Unknown 
5MF0510 UGA-1356 -560 130 -2636 293 Unknown Unknown 
42DA0602 B-107702 -600 80 -2628 245 Hearth 1 Charcoal sediment 
5RB0455 B-42364 -540 120 -2605 260 Rockshelter Charcoal 
5MF0510 UGA-1354 -480 250 -2560 615 Unknown Unknown 
5RB0454 B-42359 -500 160 -2551 395 Hearth Charcoal 
5RB0454 B-42362 -470 200 -2504 497 Hearth Charcoal 
5RB1872 DIC2262 -430 110 -2470 286 Unknown Unknown 
5RB0454 B-42357 -430 120 -2460.5 300 Hearth Charcoal 
42UN1476 B-14465 -400 160 -2444.5 396 Pithouse Charcoal 
5RB0454 B-51343 -360 100 -2439.5 284 Rockshelter Charcoal 
5MF2649 B-27983 -340 200 -2423.5 422 Hearth Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
42DA1269 B-179711 -330 80 -2418 267 Basket Basketry 
5MF0435 UGA-2738 -365 150 -2403 356 Unknown Unknown 
42UN1724 B-34326 -330 160 -2374.5 378 Rockshelter Juniper bark basket 
5MF0607 UGA-1853 -330 220 -2352 523 Unknown Unknown 
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5RB0699 UGA-3386 -255 110 -2345 355 Rockshelter Charcoal 
5MF2544 B-32352 -250 140 -2327 380 Hearth Charcoal 
5MF0607 UGA-1851 -300 190 -2326 440 Unknown Unknown 
42DA0534 B-143630 -1170 140 -2311 1408 Hearths Ashy sediment 
5RB0454 B-42356 -220 120 -2296.5 398 Hearth Charcoal 
42UN0165 B-107655 0 120 -2293 853 Pit Charcoal 
5RB1463 B-13039 -220 180 -2284.5 452 Rockshelter Charcoal 
5RB0454 B-51339 -190 120 -2279 398 Hearth Charcoal 
42DA0485 B-34685 -180 140 -2260.5 436 Hearth Charcoal 
5MF0435 UGA-2725 -175 190 -2230 490 Unknown Unknown 
42UN2180 B-82604 -170 220 -2223 524 Pithouse Unknown 
42DA0393 B-13890 -140 180 -2208 493 Hearth Charcoal 
42UN1476 B-14467 -210 240 -2205 577 pithouse Charcoal 
42UN2004 B-67119 -130 220 -2174 549 pithouse Charcoal 
5MF0607 UGA-1855 -120 200 -2168.5 538 Unknown Unknown 
42DA0485 B-34684 -100 160 -2156 521 Hearth Charcoal 
42DA1269 B-179710 -170 100 -2128.5 228 Slab-lined pit Grass 
42DA0536 B-257116 -190 80 -2123 224 Slab-lined basin Charcoal 
5MF0435 UGA-2736 -45 130 -2119 226 Unknown Unknown 
42DA0485 B-32923 -70 120 -2043 302 Hearth Charcoal 
42DA0545 B-60755 -40 120 -2026.5 290 Rockshelter Charcoal 
42DA0696 B-107712 -40 120 -2026.5 290 Basin Organic sediment 
5RB2686 B-12969 30 320 -2021.5 712 Hearth Charcoal 
5RB1463 B-13042 0 120 -2005 305 Roasting pit Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
5RB0363 UGA-1496 -570 160 -1999 70 Unknown Unknown 
5RB1872 DIC-2263 -40 150 -1989 362 Unknown Unknown 
5MF0435 UGA-2731 -110 120 -1969 21 Unknown Unknown 
42DA0485 B-32920 40 120 -1958.5 344 Pit Charcoal 
5MF0435 UGA-2726 45 120 -1956.5 346 Unknown Unknown 
42DA0061 B-12959 40 160 -1939 375 Hearth Charcoal 
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5RB2212   50 140 -1936 370 Unknown Unknown 
42DA0602 B-132169 20 80 -1931.5 202 Hearth 2 Charcoal 
42UN2175 B-110405 0 160 -1919.5 390 Pit Charcoal 
5RB0669 UGA-3382 105 140 -1913 388 Hearth Charcoal 
5RB0726 UGA-2424 240 550 -1875 1200 Residential 
Structure 
Charcoal 
42DA0393 B-34676 100 160 -1866 442 Unknown Charcoal 
5RB0454 B-42365 120 200 -1858.5 458 Hearth Charcoal 
42UN0118 B-33907 80 120 -1858 293 Pit Charcoal 
5RB0363 UGA-1495 125 150 -1857.5 442 Unknown Unknown 
5RB0363 UGA-1749 590 280 -1856 89 Unknown Unknown 
5RB3339 B-54579 100 120 -1844.5 286 Hearth Maize 
5RB0699 UGA-2425 155 180 -1841.5 460 Rockshelter Charcoal 
5RB0454 B-42355 110 120 -1838.5 284 Storage pit Charcoal 
42DA0499 B-41383 130 120 -1828 287 Hearth Charcoal 
42DA1269 B-179706 130 120 -1828 287 Grass-lined pit Grass 
5RB0704 UGA-1922 175 200 -1822.5 482 Hearth Charcoal 
5RB2829 B-42347 155 120 -1816.5 292 Hearth Charcoal 
5RB2792 B-60598 210 200 -1801 496 Masonry Structure Charcoal 
42DA0392 B-13677 220 200 -1798 498 Hearth Charcoal 
42DA0193 UGA-371 140 140 -1783 365 Hearth Charcoal 
42DA0485 B-34683 160 160 -1777 376 Residential 
Structure 
Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
5RB0454 B-51340 170 160 -1773.5 374 Hearth Charcoal 
5MF0958 B-7021 210 260 -1768 583 Unknown Unknown 
42UN1708 B-33005 210 160 -1740 371 Burial Charcoal 
42DA0393 B-12965 300 240 -1740 564 Residential 
Structure 
Charcoal 
5RB2829 B-34174 290 220 -1738 554 Hearth Charcoal 
42UN2004 B-56780 290 220 -1738 554 Residential 
Structure 
Charcoal 
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5RB0699 UGA-3384 175 120 -1732 314 Rockshelter Charcoal 
42DA0696 B-107713 180 120 -1729 312 Hearth 1 Charcoal 
42DC0393 B-32918 260 200 -1715.5 426 Pithouse Charcoal 
42UN2004 CAMS-
10210 
210 120 -1702.5 288 Burial Charcoal 
42DC0485 B-34686 230 160 -1702.5 358 Hearth Charcoal 
42DA0485 B-32922 110 160 -1701.5 284 Pit Charcoal 
42UN2004 CAMS-
11118 
220 120 -1691.5 280 Burial Charcoal 
42DC0823 B-133759 230 120 -1688 280 Hearth Charcoal sediment 
5RB0454 B-51338 210 100 -1684.5 264 Hearth Charcoal 
5RB0715 UGA-1921 245 130 -1684.5 300 Hearth Charcoal 
42UN2004 B-67118 270 180 -1678.5 382 Hearth Charcoal 
42UN2004 CAMS-
12270 
220 100 -1676 258 Burial Charcoal 
42DA0364 B-121195 240 120 -1675.5 270 Structure 1 hearth Charcoal 
42DA0364 B-121194 230 100 -1670.5 254 Structure 1 pit Charcoal 
42DA0393 B-12964 310 180 -1659.5 380 Residential 
Structure 
Charcoal 
42DA0393 B-13678 270 140 -1656.5 312 Hearth Charcoal 
42UN0164 B-110404 0 140 -1656.5 312 Pit Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
42CB0667 B-54287 290 160 -1646.5 340 Granary Maize 
5RB0699 W-4248 260 100 -1645 231 Rockshelter Charcoal 
42DA0485 B-32507 280 120 -1633.5 262 Hearth Charcoal 
42DA0364 B-121197 290 120 -1625 261 Structure 3 Charcoal 
42UN2004 B-67117 310 160 -1623 326 Pit Charcoal 
5MF2544 B-32356 300 120 -1617 259 Hearth Charcoal 
42UN2004 B-56779 340 160 -1608 320 Pit Charcoal 
42DA0384 B-34674 350 160 -1604.5 320 Hearth Charcoal 
42UN1724 B-36605 350 160 -1604.5 320 Rockshelter Maize 
42DA0193 UGA-3713 365 210 -1597 502 Hearth Charcoal 
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42DA0393 B-34677 330 140 -1592.5 284 Pithouse Charcoal 
42UN1476 B-13950 380 160 -1591 328 Hearth Charcoal 
42DA0696 B-132174 340 120 -1589 269 Pit 1 Charcoal 
42UN0001 GXO869 375 190 -1586 405 Hearth Charcoal 
5RB0726 UGA-2420 355 130 -1581 277 Residential 
Structure 
Charcoal 
42DA0545 B-60754 360 140 -1581 283 Pit Charcoal 
42UN2182 B-82606 370 140 -1578.5 284 Unknown Charcoal 
5RB3498 B-56593 370 180 -1577 393 Hearth Charcoal 
42DA2331 B-170460 340 80 -1576.5 202 Brush structure 1 Charcoal 
42DA0393 B-34675 390 140 -1572.5 288 Hearth Charcoal 
5RB0699 UGA-3383 350 120 -1569.5 252 Hearth Charcoal 
42DA0061 B-13669 400 140 -1568 289 Pithouse Charcoal 
42UN1476 B-14466 400 140 -1568 289 Pithouse Charcoal 
42UN0119 B-33908 490 180 -1561.5 296 Hearth Charcoal 
42DA0599 B-121199 380 120 -1557 253 Activity area Charcoal 
42UN1476 B-13951 410 180 -1553.5 378 Pithouse Charcoal 
42DA0485 B-32921 400 120 -1550 256 Residential 
Structure 
Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
Type 
5RB2982 B-35121 380 200 -1547 457 Hearth Charcoal 
42UN1476 B-13953 430 160 -1523 341 Pithouse Charcoal 
42UN1476 B-13952 440 160 -1521.5 342 Pithouse Charcoal 
5RB0234   390 100 -1514 209 Hearth Charcoal 
5RB2921 B-35114 450 140 -1507.5 304 Unknown Unknown 
42UN2093 B-82601 430 140 -1505.5 314 Roasting pit Charcoal 
5RB0454 B-33784 440 140 -1502.5 314 Hearth Charcoal 
42UN0083 B-33906 440 120 -1502 234 Pithouse Charcoal 
42UN1476 B-14463 460 150 -1498.5 318 Pithouse Charcoal 
42UN1773 B-38588 450 120 -1496 234 Pithouse Charcoal 
5RB2926 B-35115 440 240 -1487 518 Unknown Unknown 
42UN2181 B-82605 440 180 -1487 400 Pit Charcoal 
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42UN1773 B-38589 470 100 -1485 205 Pithouse Charcoal 
42DA0545 B-70921 480 100 -1480.5 210 Hearth Charcoal 
5MF0436 UGA-2747 455 130 -1479 294 Unknown Unknown 
5RB2249   460 120 -1453.5 264 Roasting pit Charcoal 
42DA1269 B-179704 450 80 -1449 147 Bell-shaped pit Charcoal 
5RB2958 B-35117 520 120 -1434.5 258 Residential 
Structure 
Charcoal 
42DA0609 B-107703 470 60 -1425 115 Hearth Charcoal sediment 
42DA0061 RL-696 510 220 -1423.5 464 Hearth Charcoal 
5MF0958 B-7020 500 180 -1417.5 406 Unknown Unknown 
5MF2645 B-27679 500 140 -1407.5 320 Pit Charcoal 
42UN1475 B-13681 530 140 -1387 311 Hearth Charcoal 
5RB0699 UGA-3387 530 140 -1387 311 Rockshelter Charcoal 
42DA0061 B-12960 590 220 -1387 472 Hearth Charcoal 
5MF0660 UGA-2975 560 190 -1383.5 422 Hearth Charcoal 
42DA0536 B-257115 550 80 -1361 174 Roasting pit Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
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OxCal Median 
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OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
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42UN095 GX-0357 570 140 -1349.5 340 Pithouse Charcoal 
42UN0095   570 140 -1349.5 340 Pithouse Unknown 
5RB0715 UGA-1923 550 120 -1348.5 264 Hearth Charcoal 
42UN2190 B-82607 580 240 -1341.5 538 Residential 
Structure 
Charcoal 
42DA0393 B-32917 560 120 -1341 263 Pithouse Charcoal 
5MF2639 B-28934 590 160 -1333 358 Hearth Charcoal 
5RB0690 UGA-2166 715 400 -1330 800 Unknown Unknown 
42UN1671 B-82600 600 160 -1328 360 Pithouse Maize 
5RB2958 B-38477 580 100 -1320 230 Pithouse Charcoal 
42DA0791 B-107714 580 100 -1320 230 Structure 1 burnt wood 
5MF0435 UGA-2727 575 120 -1316.5 252 Unknown Unknown 
5RB3498 B-56592 620 280 -1315 577 Hearth Charcoal 
5RB2828 B-34175 620 280 -1315 577 Hearth Charcoal 
5RB3290 B-60057 630 180 -1310.5 382 Cist Structural stick 
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42DA0393 B-34678 630 180 -1310.5 382 Pit Charcoal 
42DA0364 B-121196 600 100 -1306 223 Hearth 2 Charcoal 
5RB2958 B-38475 600 140 -1294.5 308 Pithouse Charcoal 
42DA0061 B-13670 640 100 -1289.5 230 Hearth Charcoal 
5RB3498 B-56592 620 160 -1286.5 328 Hearth Charcoal 
42DA0485 B-32510 620 120 -1275 265 Pithouse Charcoal 
42DA0499 B-41380 620 120 -1275 265 Unknown Charcoal 
42UN1671 B-82599 610 160 -1274 311 Pithouse Charcoal 
42DA0668 B-152840 610 140 -1274 294 Pit 15 Grass bundle 
42UN0162 B-82598 410 280 -1273 336 Pithouse Charcoal 
5RB0707 UGA-1924 625 120 -1272 265 Hearth Charcoal 
42DA0061 B-13674 620 140 -1269.5 290 Hearth Charcoal 
42UN2012 B-54243 640 120 -1264 264 Burial Leather 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
Conventional 2σ 
Error 
OxCal Median 
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OxCal 2σ 
Error 
Sampled Feature 
Type 
Sampled Material 
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42UN2179 B-82603 650 100 -1264 254 Pit Charcoal 
5MF0436 UGA-2742 630 130 -1263.5 276 Unknown Unknown 
42DA0488 B-34695 650 120 -1260 263 Hearth Charcoal 
5RB8004 UGA-3379 650 120 -1260 263 Wikiup Charcoal 
42UN0911 UGA-3710 635 130 -1259.5 276 Hearth Charcoal 
42DA2331 B-170461 640 140 -1259.5 284 Hearth 1 Charcoal 
42UN0049 B-30450 660 100 -1259 257 Hearth Charcoal 
5RB2958 B-38476 730 160 -1258 270 Pithouse Charcoal 
42DA0061 B-12961 650 140 -1252 282 Hearth Charcoal 
42DA0145 B-203072 660 140 -1247.5 280 Hearth Charcoal 
42DA0364 B-121198 670 120 -1247 272 Pit 11 Charcoal 
42UN1308 B-107652 0 120 -1247 272 Pit Organic sediment 
42UN1671 B-106471 0 120 -1247 272 Basin Charcoal 
42DA0193 UGA-3711 665 140 -1245.5 280 Unknown Charcoal 
5RB2792 B-60599 670 140 -1244.5 280 House Charcoal 
5RB3176 B-64453 670 140 -1244.5 280 Wikiup Charcoal 
42UN2176 B-82602 670 140 -1244.5 280 Pithouse Charcoal 
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5MF0001 RL-11 740 300 -1243 582 Storage pit Basketry 
5MF0436 UGA-2740 670 160 -1242.5 312 Unknown Unknown 
42DA0145 B-203070 680 120 -1242 274 Structure Charcoal 
42DA2331 B-170459 650 80 -1236.5 166 Brush structure 2 Charcoal 
5MF2645 B-28935 700 160 -1232.5 312 Burial Juniper bark mat 
42DA0545 B-107700 660 80 -1228 161 Hearth Charcoal 
42UN1671 B-106473 0 160 -1228 313 Hearth Charcoal 
42UN0199 B-33004 710 130 -1222.5 290 Cist Structural stick 
5RB0699 UGA-3380 720 140 -1222.5 296 Hearth Charcoal 
42DA0485 B-34689 720 140 -1222.5 296 Hearth Charcoal 
42UN1309 B-110545 0 140 -1222.5 296 Ash stain Organic sediment 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
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OxCal Median 
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Sampled Material 
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42DA0545 B-107669 670 80 -1222 158 Hearth Charcoal 
42DA0488 B-34696 740 140 -1216.5 300 Pithouse Charcoal 
42DA0061 RL-697 700 200 -1203.5 410 Hearth Charcoal 
42UN0057 B-30451 690 100 -1182 201 Pithouse Charcoal 
5RB0726 W-4249 700 100 -1182 201 Hearth Charcoal 
5RB3499 B-56591 700 100 -1182 201 Hearth Charcoal 
42UN2004 B-82608 710 120 -1182 228 Irrigation ditch Charcoal 
42DC0049 GX-0825 720 120 -1178 224 Residential 
Structure 
Charred wood 
42UN1671 B-34715 720 120 -1178 224 Pithouse Charcoal 
42UN1671 B-34715 0 120 -1178 224 Ash pit Unknown 
42DA0061 B-12958 750 140 -1174 340 Hearth Charcoal 
5RB2499 B-56588 710 100 -1173 194 Hearth Charcoal 
42UN0271 GX-0910 730 190 -1173 381 Residential 
Structure 
Charred wood 
42DA0536 B-257114 710 100 -1173 194 Roasting pit Charcoal 
5RB3290 B-60056 740 180 -1164.5 368 Residential 
Structure 
Maize 
5MF0958 B-7013 720 100 -1163.5 192 Unknown Unknown 
5RB3288 B-60058 740 200 -1163.5 400 Granary Structural stick 
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42DA0045 RL-778 740 200 -1163.5 400 None Charcoal 
42UN0154 B-82597 750 160 -1160.5 360 Pithouse Charcoal 
42UN0271 GX-0826 760 170 -1158.5 362 Residential 
Structure 
Structural wood 
42CB0561 B-27290 730 100 -1158 188 Burial Charcoal 
42DA0485 B-32508 740 120 -1154 220 Hearth Charcoal 
5RB0699 UGA-1920 775 170 -1154 364 Hearth Charcoal 
42DA0485 B-32508 740 100 -1152 186 Pithouse Charcoal 
42UN0001 GX-0895 785 170 -1151 366 Hearth Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
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Sampled Material 
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5RB1463 B-13041 750 120 -1149 218 Rockshelter Charcoal 
5RB0817   755 120 -1147 217 Hearth Charcoal 
5RB2829 B-33786 750 220 -1143.5 210 Hearth Charcoal 
42DA0499 B-41379 760 100 -1137.5 182 Pit Charcoal 
5RB2921 B-35113 780 120 -1136 214 Unknown Charcoal 
42DA0145 B-203071 800 80 -1123.5 156 Thermal feature Charcoal 
42DA0061 B-13671 780 100 -1120.5 182 Hearth Charcoal 
5MF2539 B-32347 780 100 -1120.5 182 Hearth Charcoal 
42DA0499 B-41381 790 100 -1117.5 180 Unknown Charcoal 
42DA0488 B-34693 800 100 -1114 178 Roasting pit Charcoal 
5RB2449   810 100 -1111 177 Hearth Charcoal 
5RB0699 UGA-3385 780 130 -1108.5 276 Rockshelter Charcoal 
5MF0435 UGA-2735 760 140 -1108 305 Unknown Unknown 
42DA0061 B-12957 760 140 -1108 305 Hearth Charcoal 
42UN2094 B-71122 0 140 -1108 305 Hearth Charcoal 
42DA0061 B-13672 770 140 -1105 302 Hearth Charcoal 
5RB3060 B-38473 830 200 -1104.5 410 Unknown Unknown 
42DA0771 B-226290 830 80 -1103 165 Ash stain Charcoal 
42DA0685 B-107708 830 80 -1103 165 Structure: roof fall Charcoal 
5RB0123 UGA-1045 425 390 -1098 371 Unknown Unknown 
42UN0191 147410 835 50 -1098 136 Granary Structural wood 
42DA0685 B-107707 840 80 -1098 163 Structure: pit 1 Charcoal 
  
 
89
 
5RB2958 B-35119 800 160 -1096.5 312 Residential 
Structure 
Charcoal 
42UN0161 B-107654 0 160 -1096.5 312 Hearth Organic sediment 
42CB0109 B-80770 810 160 -1092.5 308 Granary Maize 
42UN1314 B-107653 0 80 -1091.5 170 Hearth Charcoal 
42UN1395 B-33114 800 120 -1089.5 254 Pit Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
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OxCal Median 
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OxCal 2σ 
Error 
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Type 
Sampled Material 
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42DA0614 B-88499 800 120 -1089.5 254 Hearth Charcoal 
5RB0123 UGA-1046 380 390 -1088 321 Unknown Unknown 
42UN2012 B-54244 810 120 -1083.5 252 Burial Leather 
42UN1475 B-12955 820 160 -1077.5 310 Hearth Charcoal 
42UN1671 B-34717 810 140 -1075 279 Hearth Charcoal 
42UN1671 B-34717 0 140 -1075 279 Hearth Organic sediment 
5RB2829 B-33787 830 180 -1068.5 342 Hearth Charcoal 
5RB0726 W-4246 850 100 -1062.5 228 Hearth Charcoal 
42UN0200 147411 860 50 -1059 121 Granary Structural wood 
5RB2829 B-33785 860 100 -1058.5 228 Hearth Charcoal 
42CB0770 B-33483 840 140 -1057.5 268 Pithouse Charcoal 
42UN0193 147413 880 50 -1054.5 120 Rockshelter Sediment 
5RB2449   830 120 -1053.5 254 Hearth Charcoal 
42DA0485 B-32509 830 120 -1053.5 254 Pithouse Charcoal 
5RB2829 B-33788 840 120 -1050.5 252 Unknown Unknown 
42DA0668 B-152841 840 120 -1050.5 252 Pit 2 Burnt twigs 
5RB0733 B-40453 850 140 -1050 265 Hearth Charred greasewood 
42DA0791 B-143629 850 140 -1050 265 Structure 5 Charcoal 
42DA0488 B-34692 860 120 -1045 248 Hearth Charcoal 
5RB0733 B-40454 880 120 -1039.5 244 Wikiup Greasewood 
42UN0053 B-12966 860 140 -1039 270 Residential 
Structure 
Charcoal 
5RB0699 W-4250 880 100 -1038.5 238 Hearth Charcoal 
42UN0170 GX-0902 910 120 -1030 245 Residential 
Structure 
Wood 
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42DC0665 B-49628 910 120 -1030 245 Granary Wood 
42UN0170 GAK-1306 870 160 -1029.5 296 Residential 
Structure 
Wood 
42DA0393 B-34679 870 160 -1029.5 296 Pit Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
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Error 
OxCal Median 
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OxCal 2σ 
Error 
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Type 
Sampled Material 
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5RB2445 B-6098 900 200 -1025.5 354 Unknown Charcoal 
42DA0485 B-34687 920 100 -1022.5 232 Hearth Charcoal 
5MF2539 B-32349 920 100 -1022.5 232 Hearth Charcoal 
5MF0429   920 100 -1022.5 232 Unknown Unknown 
5RB1873 DIC-2264 930 100 -1019.5 236 Unknown Unknown 
42DA0488 B-34694 920 120 -1017.5 252 Pithouse Charcoal 
42UN1671 B-106472 0 140 -1013.5 270 Hearth Charcoal 
42CB0729 B-54289 900 180 -1008.5 320 Granary Wood 
5RB3176 B-64454 910 160 -1002 296 Wikiup Charcoal 
5MF0435 UGA-2728 935 120 -1001.5 258 Unknown Unknown 
42DA0686 B-107709 940 60 -1001.5 258 Basin fill Organic sediment 
5RB2829 B-33788 940 120 -998.5 260 Hearth Charcoal 
5MF0436 UGA-2746 945 140 -998.5 270 Unknown Unknown 
5MF0436 UGA-2745 910 170 -997.5 302 Unknown Charcoal 
5MF0435 UGA-2729 945 120 -995.5 260 Unknown Unknown 
5RB2958 B-35120 930 160 -995 292 Residential 
Structure 
Charcoal 
42DA0061 B-13673 920 160 -994.5 298 Hearth Charcoal 
42DA0534 B-60753 950 120 -994 261 Roasting pit Charcoal 
5MF0435 UGA-2733 955 120 -992.5 262 Unknown Unknown 
5RB3180 B-60554 950 180 -985 310 Granary Structural wood 
42UN0001 GX-0894 970 170 -979 299 Rockshelter Charcoal 
42DA0668 B-152842 970 120 -978 255 Pit 4 Juniper bark 
42UN1671 B-32378 1000 180 -972.5 312 Pithouse Structural wood 
42UN1671 B-32378 0 180 -972.5 312 Structural wood Unknown 
5RB2829 B-42348 1010 180 -969.5 314 Hearth Charcoal 
5MF2656 B-27983 970 120 -968 265 Granary Structural wood 
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5MF0435 UGA-2739 970 120 -968 265 Unknown Unknown 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
Conventional 
Date 
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Error 
OxCal Median 
Date 
OxCal 2σ 
Error 
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Type 
Sampled Material 
Type 
5RB2828 B-42349 1020 160 -961.5 298 Hearth Charcoal 
42DA0061 B-12962 990 140 -960.5 278 Hearth Charcoal 
5RB2873 B-42350 1040 160 -955 301 Hearth Charcoal 
5RB3498 B-56589 990 100 -952 222 Roasting pit Charcoal 
42CB0615 B-54286 1010 140 -951 2077 Granary Maize 
42UN1724 B-34325 890 100 -943.5 146 Rockshelter Charcoal 
5MF2544 B-32353 1000 100 -940.5 232 Hearth Charcoal 
5MF0001 AA-7824 1000 104 -939.5 234 Pit Leather 
42DA0614 B-107704 930 60 -938.5 236 Burned log Charcoal 
5MF0435 UGA-2734 990 120 -936 244 Unknown Unknown 
5RB3334 B-63155 1000 120 -935 241 Wikiup Charcoal 
42DA0791 B-107715 1000 120 -935 241 Structure 2 Charcoal 
42CB0731 B-54288 1010 100 -932.5 240 Granary Wood 
42DA0499 B-41382 1010 100 -932.5 240 Hearth Maize 
5RB3498 B-56585 1020 100 -929.5 242 Roasting pit Charcoal 
42CB0770 B-39266 1020 100 -929.5 242 Pithouse Charcoal 
42DA0791 B-155787 1020 100 -929.5 242 Roasting pit Charcoal 
42CB0770 B-39268 1020 120 -929 244 Open Charcoal 
5MF0436 UGA-2744 1030 130 -925.5 250 Unknown Unknown 
5RB3060 B-41950 1040 140 -922 258 Hearth Charcoal 
42DA0791 B-107717 1050 120 -921 251 Structure 4 Charcoal 
5RB2025   1050 110 -920.5 250 Unknown Unknown 
42UN2083 B-69506 1060 120 -918.5 254 Burial Human bone 
5MF0745 UGA-2750 1055 230 -916 384 Unknown Unknown 
42DA0668 B-133285 1070 120 -916 256 Pit 10 Maize 
5RB1463 B-13040 1060 100 -867.5 188 Rockshelter Cordage 
42DA0669 B-143628 1060 100 -867.5 188 Slab-lined basin Charcoal 
5MF0435 UGA-2737 1105 150 -866 307 Unknown Unknown 
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5RB3339 B-54578 1170 200 -864.5 362 Hearth Charcoal 
42DA0485 B-32919 1120 140 -862.5 308 Hearth Charcoal 
42CB0770 B-33952 1120 140 -862.5 308 Pithouse Unknown 
5RB2210   1120 140 -862.5 308 Unknown Unknown 
42DC0619 B-39267 1120 100 -851.5 204 Pithouse Charcoal 
5RB0748 UGA-3389 1050 140 -842.5 136 Residential 
Structure 
Charcoal 
5MF0435 UGA-3155 1215 190 -829.5 344 Unknown Unknown 
42DA0545 B-155788 1100 80 -818 135 Hearth Charcoal 
5MF0001 AA-7823 1118 120 -811.5 244 Rockshelter Fur 
5RB3515 B-60059 1130 120 -808 245 Granary Structural wood 
5RB0699 UGA-2421 1150 130 -803.5 248 Rockshelter Charcoal 
42DC0823 B-133575 1160 140 -800 252 Hearth Charcoal sediment 
42UN1103 B-8559 1200 280 -798 512 Granary Maize 
42DC0655 B-48829 1170 140 -796 253 Masonry Structure Maize 
5RB2828 B-33790 1260 160 -764.5 284 Hearth Charcoal 
5RB2958 B-35118 1170 120 -762.5 208 Residential 
Structure 
Charcoal 
5RB0733 B-40454 1170 120 -762.5 208 Residential 
Structure 
Charcoal 
5RB0699 UGA-2423 1260 170 -759.5 296 Hearth Charcoal 
5RB0733 B-40453 1200 140 -754.5 226 Residential 
Structure 
Charcoal 
5RB3182 B-55302 1260 200 -743.5 428 Wikiup Charcoal 
5RB0234   1200 120 -741.5 194 Hearth Charcoal 
5RB0699 UGA-2422 1275 120 -718 192 Hearth Charcoal 
5RB0817 UGA-2496 1295 120 -710.5 196 Unknown Unknown 
42UN1724 B-34324 1300 120 -708.5 198 Rockshelter Charcoal 
42DA0599 B-121200 1310 120 -706 199 Hearth 1 Charcoal 
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5MF0607 UGA-2003 1320 120 -703.5 202 Unknown Unknown 
42UN1477 B-13692 1320 120 -703.5 202 Hearth Charcoal 
5RB2873 B-33793 1310 100 -703 189 Hearth Charcoal 
42DC0823 B-133755 1290 80 -663 123 Hearth Charcoal 
5RB2372   1280 160 -658.5 322 Unknown Unknown 
42CB0776 B-49627 1310 100 -655 141 Granary Structural wood 
42UN1103 B-8560 1330 100 -649.5 140 Granary Charcoal 
5MF0745 UGA-2749 1325 160 -629.5 304 Unknown Unknown 
42DA0669 B-92376 1370 100 -628.5 132 Structure 7 burnt wood 
5RB3182 B-55305 1350 180 -621.5 316 Wikiup Charcoal 
5MF2544 B-32351 1400 160 -605 300 Hearth Charcoal 
5RB3180 B-60055 1410 160 -603 302 Granary Charcoal 
5RB2958 CAMS-
9082 
1420 160 -599 305 House Bone 
5MF2544 B-32355 1400 100 -597.5 60 Hearth Charcoal 
42DA0599 B-107701 1400 80 -594 86 Hearth 1 Charcoal 
5MF2631 B-49093 1410 120 -542 223 Unknown Unknown 
5RB3511 B-63156 1430 120 -525 209 Unknown Charred material 
5MF2539 B-32346 1460 120 -501 192 Hearth Charcoal 
42DA0791 B-107716 1480 120 -495 188 Structure 3 Charcoal 
42DA0485 B-35680 1540 100 -476 150 Hearth Charcoal 
42UN0193 147412 1540 50 -476 150 Rockshelter Sediment 
42UN1103 B-8561 1570 100 -468.5 180 Granary Charcoal 
5RB2435 B-7199 1570 100 -468.5 180 Residential 
Structure 
Charcoal 
5RB0699 UGA-3381 1540 120 -418.5 252 Hearth Charcoal 
5RB3182 B-55303 1590 100 -398.5 246 Hearth Charcoal 
42UN1476 B-14464 1680 240 -301.5 368 Hearth Charcoal 
42DA0485 B-34681 1770 220 -281.5 348 Hearth Charcoal 
Smithsonian 
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CEAU399 B-61479 1670 100 -237.5 304 Cache Sinew 
5MF2544 B-32350 1680 120 -237 303 Hearth Charcoal 
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CEAU235 B-61478 1690 120 -234.5 300 Cache Bison robe 
Patterson B-54291 1700 140 -234.5 300 Cache Sinew 
5RB3236 B-63154 1710 140 -230 296 Wikiup Charred material 
5RB0699 UGA-3388 1735 150 -223.5 290 Hearth Charcoal 
42CB0779 B-33339 1750 120 -216 282 Cist Juniper bark 
Patterson B-54290 1880 200 -213.5 280 Cache Sinew 
CEUA860 B-61481 1770 120 -208 274 Cache Bison robe 
5MF2544 B-32357 1770 120 -208 274 Hearth Charcoal 
5MF2544 B-32354 1850 100 -181 247 Hearth Charcoal 
42DA0679 B-107706 1930 60 -141.5 132 Use surface Organic sediment 
5MF0958 UGA-3998 945 460     Unknown Unknown 
5RB2873 B-34176 1010 460   0 Hearth Charcoal 
42DA0485 B-34688 1030 440   0 Pithouse Charcoal 
5MF0379 M-286 1180 400   0 Masonry Structure Maize 
5RB8004 UGA-3378 1330 540   0 Hearth Charcoal 
5RB0748 UGA-3377 1480 150   0 Pithouse Charcoal 
42DA0384/193 B-13676 1500 180   0 Hearth Charcoal 
5MF2539 B-32348 1530 160   0 Hearth Charcoal 
5RB3182 B-55304 1580 120   0 Midden Charcoal 
5MF2631 B-52690 1580 120     Unknown Unknown 
42UN1477 B-13668 1590 140   0 Hearth Charcoal 
5MF0373 M-285 1600 300   0 Granary Maize 
42CB0779 B-33338 1605 140   0 Cist Basketry 
5MF0436 UGA-2734 1625 180     Unknown Unknown 
CEAU399a B-61480 1630 180   0 Cache Sinew 
5RB0699 UGA-2426 1645 130   0 Hearth Charcoal 
Smithsonian 
Site Trinomial 
Laboratory 
Number1  
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OxCal Median 
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Sampled Material 
Type 
5MF0435 UGA-2732 1665 130     Unknown Unknown 
 
